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(54) NON-AQUEOUS ELECTROLYTE SECONDARY CELL 



(57) The present invention relates to non-aqueous 
electrolyte secondary batteries comprising an positive 
electrode and a negative electrode capable of interca- 
lating and de-intercalating lithium, a non-aqueous elec- 
trolyte and separators or solid electrolytes. The negative 
electrode contains, as a main component , composite 
particles constructed in such a manner that at least part 
of the surface of nuclear particles comprising at least 
one of tin, silicon and zinc as a constituent element, is 
coated with a solid solution or an inter-metallic com- 
pound composed of the element included in the nuclear 
particles and another predetermined element which is 
not an element included in the nuclear particles. To 
improve the ability of the battery, the composite parti- 
cles mentioned above can include at ieast one trace ele- 
ment selected from iron, lead and bismuth. The porosity 
of a mixture layer at the negative electrode is 10% or 
more and 50% or less. The amount of the non-aqueous 
electrolyte, the thickness of the separators or the like is 



restricted in a specific value. The foregoing construction 
suppresses occurrence of an internal short circuit 
between the positive electrode and the negative elec- 
trode caused by expansion of the negative electrode 
materials , thereby achieving a high capacity battery 
with a superior charge/discharge cycle properties, 
which is suitable for a high-speed charging. 
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Description 



Field of the Invention 



roooil The present invention relates to a non-aqueous electrolyte secondary battery (hereinafter, battery), and 
especially relates to batteries of which electrochemical properties such as charge/discharge capacity and charge/dis- 
charqe cycle life have been enhanced by improvement in negative electrode materials , separators and amounts of 
eSoly^e The present invention further relates to the batteries of which the electrochemical P"""^™^ 
above as well as the shelf stability have been improved by designing a better balance between positive electrode and 
negative electrode materials, and positive electrode and negative electrode plates. 

Background of the Invention 

[0002] In recent years, lithium secondary batteries with non-aqueous electrolytes, which are used in such .areas, as 
mobile communications devices including portable information terminals and portable electronic dev^es ma.n ^power 
sources of portable electronic devices, domestic portable electricity storing devices, motor cycles using an electric 
motor as a diving source, electric cars and hybrid electric cars, have characteristics of a "^'^^^ 
a high energy density. Although the energy density of the lithium secondary battenes using Irthmm metal ^negative 
electrode material is high , there is a possibility that dendrite deposits on the negative 

by repeating charging and discharging, the dendrite breaks through separators to the posittve electrode side, thereby 

cauTngt short circuit internally, /he deposited dendrite has a large specific surface area, thus its reason acUvrty k 

high. Therefore, it reacts with solvents in the electrolyte solution on its surface and forms a surface 

a solid electrolyte having no electronic conduction. This raises the internal resistance * * V^^S^ne^t 

partic.es to be excluded from the network of electronic conduction, lowering the char 9 e/d ' scha [^ 

iery. Due to these reasons, the lithium secondary batteries using lithium metal as a negative electrode mater.al have a 

low reliability and a short cycle life. „ or h„n material* raoa- 

[0003] Nowadays, lithium secondary batteries which use, as a negative electrode material, carbon mate rials ^capa 
ble of intercalatinr, and de-intercalating Irthium ions are commercially available. In general, Irthium metal does not 
^"S^n^lcsiod* Thus, short circuits are not occured by dendrite. >^;£*£^^ 
it/of qraphite which is on of the currently available carbon materials is 372 mA/g. only one tenth of that of pure limete 
52T Oth- known negative electrode materials include pure metallic materials ^J^Vl^^S^ 
which form composites wrth Irthium. For example, composition formulae of c °7°^^ 
(Zn) with the maximum amount of lithium are Li 22 Sn 5 . Li 22 Si 5> and UZn respectively. Wrth.n , therange 
sition formulae, metallic lithium does not normally deposit. Thus, an internal short circuit ,s n ot ^^^^^ 
thermore. electrochemical capacities between these compounds and each element in pure forrr < unboned above 
respectively 993 mAh/g. 41 99 mAh/g and 41 0 mAh/g; all are .arger than the ^EE No H07- 

[0005] As other compound negative electrode materials . the Japanese Patent ^Op™ ^"Sn^iwtaoon 
240201 discloses a non-metallic siliside comprising transition elements. The Japanese Patent n L . a ' d ;^ 
No. H09-63651 discloses negative electrode materials which are made of inter-metalhc ~ m P ou " d ^" S ^ 
one of group 4B elements . phosphorus (P) and antimony (Sb), and have a crystal structure of one of the CaF 2 type. 

electrode materials of pure metallic materials and pure non-metallic materials ^J^^^^^J^ 
Verier charge/discharge cycle properties compared with carbon negative electrode materials. The reason for the is 

« the negative electrode materials caused by their increase ^^eTp^o 
[0007] On the other hand, unlike the foregoing materials in pure form, the Japanese Patent La. d-Ope in P*toaHon 
No H07-240201 and the Japanese Patent Laid-Open Publication No. H09-63651 disclose negative elect ode materials 
which comprfse non-metallic si.isides composed of transrtion elements "f^* «^ 
one of group 4B elements, P and Sb , and have a crystal structure of one of the CaF 2 type, the ZnS type and the AIL.S, 

EST Trri" ?CKSn-~ silisides composed of tragic n e.e- 

ZSdJSrJSies. Patent Laid-Open PubHcation No. H07-240201 have "J^^^S 
cycle property compared with lithium metal negative electrode materia s, considering the 

according to an embodiment and a comparative example at the first cycle, the fiftieth ^^J^^T^^ 
However when compared with a natural graphite negative electrode material, the increase in the capacity of the battery 

; S 00 O 0 n 9r bOU TVe 2 materia.s disclosed in the Japanese Patent Laid-Open Publication No. H09-63651 have a better 
S/di JhargeCle property than a Li-Pb alloy negative e.ectrode materia, according to an embod,ment and a com- 
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oarative example, and have a larger capacity compared with a graphite negative electrode material However, the dis- 
chaTctpaX decreases significantly up to the 10-20th charge/discharge cycles. Even w,th M*Sr jwhrt - 
coSdered to be better than any of the other materials, the discharge capacity decreases to approx,mately 70% of the 
initial capacity after about the 20th cycle. 

[00101 Examples of positive electrode active materials forthe non-aqueous electrolyte secondary r batteries which 
Lre ipable intercalating and de-intercalating of lithium ions include a lithium transition "^^X^^S! 
charae/discharge voltage such as LiCo0 2 , disclosed in the Japanese Patent Laid-Open PuMcabon No. S55-136131, 
andXX ^disclosed in the United States Patent No. 4302518 aiming at even a higher capacity Examples of such, os- 
Hive e ecTrode active materials further include composite oxides comprising a plura.fty of metaUic elemente an Ihthium 
suchTs L nIco, x G 2 disclosed in the Japanese Patent Laid-Open Publication No. S63-299056 and L. X M N z O 1 is 
onfofFelco and Nifand N is one of Ti, V, Cr and Mn) disclosed in the Japanese Patent La,d-Open Publication No. 

[001 i? 7 ° 5 Active research has been conducted especially on LiNiO, since supply of Ni. its raw material, is stable and 

in^vnpnsive and is expected to achieve a high capacity. . 
"expensive and « P d jtjve e|ectrode active mate rials , espec.ally w.th U/JfcM,. 

n fri i. a least one material selected from a group consisting of cobalt (Co), manganese (Mn). chrom.um (Cr). .ron 
S, ( 1 ad " ^ an Tatmlm x is ?«£u>> there are slgntficant deferences in chame/discharge capaoty 
LSie^n theTrt al charging (de-intercalation reaction of lithium) and discharging (intercalat.on reaction of Irthium) in the 
~ Sr^sua^sedas a battery (4.3V-2V against Ll)( for example. A. Rougier et a... Solid State 
n X R shows a schematic view of the electric potential behavior at the initial charge and discharge of the pos- 
mv?e!e2de anThe negative electrode of a battery in which composite particle material with the same theoretical 
caoacitv as the foregoing positive electrode materials are used in the negative electrode 

Si 3 In Fiq 2 (A - B) is the amount of electricity of the positive electrode charged during the first cycle (B - C is 
he dschame clpacrty of he positive e.ectrode at the first cycle, and (C - A) is the irreversible capacity of the positive 
Ic^de T SisSe amount of electricity of the negative e.ectrode charged during the first cycle, which ,s equal to 
M mof the pos tive electrode. (B' - C) is the potential discharge capacity of the negat.ve electrode at the first cycle, 
ind £ A^J Z ^veSb.e capacity of the negative e.ectrode. The potential discharge capacrty of the nega^e e ec 

electrode capacity is significant* larger than the positive e.ectrode capacrty 
SncreL c^eZX* the batteries becomes harder due to the excess negative e.ectrode matena. contained in the 

SET e 'Ssl e e these prob.ems, the Japanese Patent Laid-Open Pub.ication No. H05-62712 discloses a capacity 

charging and pulse charging in recent years the process is materjals . Needless to say , a 
[0018] The speed of charging is largely influenced by the spec ^ a J^ a . the s - rfjc surface area is 

favorable ranges of the specific surface area are suggested in the Japanese Patent Laid up 
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242890 and the Japanese Patent Laid-Open Publication No. S63-276873. The ranges are, in the case of the former, 
0.5 -10m 2 /g and the latter, 1.0 m 2 /g or larger. The Japanese Patent Laid-Open Publication No. H04-249073 and the 
Japanese Patent Laid-Open Publication No. H06-1 03976 disclose favorable ranges for the specific surface area of the 
positive electrode materials, that is, in the case of the former, 0.01-3m 2 /g and the latter, 0.5 - 10m /g. 
[0019] However, when considering a performance of a battery, the balance of intercalation and de-intercalation 
capacity between the positive electrode and the negative electrode is important, thus merely controlling the capacity of 
one element separately is meaningless. In other words, regulating the specific surface area of the positive electrode 
and the negative electrode independently as has been conducted conventionally is not satisfactory. 
[0020] The present invention aims to address the problems of conventional batteries described thus far. 

Summary of the Invention 

[0021] The present invention relates to non-aqueous electrolyte secondary batteries comprising an positive elec- 
trode and a negative electrode capable of intercalating and de-intercalating lithium, a non-aqueous electrolyte and sep- 
arators or solid electrolytes. The negative electrode is characterized by its main material which uses composrte 
particles constructed in such a manner that at least part of the surrounding surface of nuclear particles containing at 
least one of tin (Sn), silicon (Si) and zinc (Zn) as a constituent element, is coated with a solid solution or an inter-metal ic 
compound composed of an element included in the nuclear particles and at least one element (exclusive of the ele- 
ments included in the nuclear particles) selected from transition elements, elements of group 2, group 12, group 13 and 
20 group 1 4 (exclusive of carbon) of the Periodic Table. 

[0022] To improve the performance of the battery, the composite particles mentioned above can include at least one 
trace element selected from iron, lead and bismuth. Amount of the trace element to be added is between 0.0005 wt/o 
and 0.002 wt% or more. 

[0023] The porosity of the mixture layer at the negative electrode is 1 0% or more and 50% or less. The porosity of 
25 the mixture layer is defined as: 

total volume of the space area of the mixture layer / total volume of the mixture layer x 1 00%. 

[0024] The present invention maintains the most appropriate amount of the electrolytic solution between the elec- 
trode plates by setting it at 0.1 ml or more and 0.4ml or less against 1 g of the total weight of the positive electrode and 
the negative electrode materials in the battery casing. 

[0025] Thickness of the separators located in between the positive electrode and the negative electrode of the bat- 
tery of the present invention is 1 5nm or more and 40nm or less. The piercing strength of the separators is 200g or more. 
[0026] To the negative electrode materials of the battery of the present invention, fluorinated carbon compounds 
defined as (C X F) n (1 sx<20) or metallic compounds which can be reduced electrochemically to metal by charging are 

added. j 
[00271 Regarding the battery of the present invention, the ratio of (specific surface area of the negative electrode 
material) to (specific surface area of the positive electrode material) is set at 0.3 - 12. In the same manner, when R1 is 
a diameter of a semi-circle arc plotted on a complex plane by measuring impedance at a range of frequencies between 
10kHz and 10MHz using an electrochemical battery in which an positive electrode plate is set as an active electrode 
and lithium metal is used in the other electrode ; and R2 is a diameter of a semi-circle arc plotted on a complex plane 
by measuring impedance at a range of frequencies between 10kHz and 10MHz using an electrochemical battery in 
which a negative electrode plate is set as an active electrode and lithium metal is used in the other electrode, the value 
of R2 / R1 is between 0.01-15. Based on the value of R2 / R1, the specific surface area of the negative electrode mate- 
45 rial and the positive electrode material is estimated. 

[0028] The foregoing construction suppresses an internal short circuit between the positive electrode and the neg- 
ative electrode caused by expansion of the negative electrode material , thereby providing a high capacity battery with 
a superior charge/discharge cycle property suitable for a high-speed charging. 

so Brief Description of the Drawings 

[0029] 

Fig 1 shows a vertical cross section of a cylindrical battery of the present invention. 
55 Fig. 2 shows a schematic view of charge and discharge during the first cycle of a conventional lithium secondary 

Rg^Tshows a schematic view of charge and discharge at the first cycle in accordance with a sixth preferred 
embodiment of a lithium secondary battery of the present invention. 
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Fig 4 shows a graph illustrating changes in cycle life and deterioration in the capacity retention rate against the 
ra«o of a specific surface area of positive electrode materials to a specific surface area of negative electrode mate- 
rials. 

Fig. 5 shows a view of a complex plane of impedance measurement. 

Fig 6 shows changes in cycle life and deterioration in the capacity retention rate against the rat ,o of the specific 
surface area of the positive electrode materials to the specific surface area of the negative electrode matenals. 

Detailed Description of the Preferred Embodiments 

[0030] As a negative electrode material used in the present invention, composite particles whose nuclear particles 
composed of solid phase A are coated with solid phase B over the whole surface or part of the surface are used. The 
s7d I phase A contains at least one of tin, silicon and zinc as a constituent element. The solid phase B ,s composed of 
a solio so utfo oMnter-metanic compounds composed of at least one of tin. silicon and zinc and at 
Texc live of the foregoing constituent elements) selected from a group comprising elements of group 2 , transition ele- 
men s group 13 and group 14 (exclusive of carbon) of Periodic Table. Hereinafter, the forego.ng 
neaX ^Strode materials are called "composite particles". When the composite particles are used as a negative 
"teSode rSeriaf the soTc, phase B helps to suppress expansion and shrinkage of the solid phase A caused by charg- 
2 an fdiSSc I thereby achieving a negative electrode material with superior charge/discharge cycle properties 
" 0031] It can be considered that the soJphase A of the negative electrode materia. 
contributes to a higher charge/discharge capacity since it contains at least one of Sn, S , and Zn The ^ Pha^ B 
which coats the whole or part of the surrounding surface of the nuclear particles comprising the solid phase A contrib- 
ute ^^roiemen, of the charge/discharge cycle properties. The amount of Ifthium contained ,n the solid phase B ,s 
normally less than each of metal , a solid solution or an inter-metallic compound. 

r00321 In other words the negative electrode material used in the present invention .s cons meted such that part. 

^^^^^ 

tides However the total volume of the coated particles changes to some extent. 

Si Due to this volume change, as the negative electrode materials swell during charging . the negative etec- 
"ode material or conductive materials on the surface of the negative electrode plate, in some cases partly peneUate 
hrouqZhJ "sepLors , 0C ated in between the positive electrode and the negative electrode thus causing a micro short 
Sbe^eenTpositive electrode and the negative electrode. The change in volume of the negative electro* ^mate- 
riaTs caused by charging and discharging of the present invention is larger than that of graphite materia s. As such, ,t 

P<5tricted thus achievinq a good charge/discharge cycle property. 

rooS In other wo ds if the thickness of the separator between the positive electrode and the negative electrode s 
5um or less the negate electrode materials or conductive materials on the surface of the negative e^ctrode plate 

tS^™^^' ■ - th. forcing — «* °< - -P-". -*J - •» — 
Sties of the separntor. Th. measuring method of the ptereing strength ts assorted be». 

and 

measure the value of the maximum load at breaking point. 

rnn™ The value of the maximum load is the piercing strength. When the piercing strength measured by this 
method is 2 00g o ess evenTf the thickness of the separator is 15^m or more, the negative electrode materia* swe. 
rrrcharging. thus causing a micro short circuit between the positive electrode and the negative e.ectrode. As a 
result, a good charge/discharge cycle property can not be achieved. 
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[0038] As a separator of the present invention, porous thin films having a large ion permeability, a P^etermined 
Snical strength and insulation properties are used. It is desirable that the separators close their pores at a prede- 
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ing of the battery, is desirably between 0.1ml anc , o 4ml eM « e can be sufficiently maintained over the entire 
charge cycle property can be obtained. _„ trnlvtf> is 0 1 ml/a or less the electrolyte fails to adequately cover 

=L.=£rs==r:=sKS==-=s=.- 

of the electrolyte. Thus, it is not desirable. nf > nati w e electrode materials of the battery of the 

materials of the present invention, increase in the volume o the parties is ' This has a significant 

iam, „,.,<*» cueing m. ^,^^r3'»T« p£X ^O^Cre. L eee ™,e o. ,h. 

may cause damage !e the mixtare layer. On the ether hand, JT he P°^''» * ° ' ^ „, , mount ol , he 
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m ^ «t o r*nno of frpniipncies between 10kHz and 10MHz using an electrochemical battery in 
by measuring ' ™^ C ^ Irthium metal is used in the other e.ectrode. the value 

^TSSSSS " t Z value^ftpeclfio surface area of the negative electrode materia.) / (specific sur- 
te a^a oHheToXe electrode materia.) is not less than 1 2, the electric potential of the pos,t,ve e.ectrode nses when 
Srbatte^rchamed fully , which promotes the production of gas. Thus, when the battery .s charged and I stored rts 
^SSZ^S^Z^ Conversely, when the value is not more than 0.3, lithium deposits on the surface of the 
^J^ZSTSLg high-spLd chaming, and the cyc.e m of the battery is deg.ded signrf-cantly. 
T0M81 Since binders and conductive materials are used when electrode materials are used as posrt.ve electrode 
[0048] ° , of (s jflc surface area 0 f the negative electrode material) / (specific surface 

wmmmmmmm 

and adequately. deoosrts comprising essential elements in forming solid phase 

[0054] In another manufacturing method, a layer of ^ e P^^ om P; 9 temperatures lower than the solid line. 
B is formed on the surface of powder of the sol.d phase A Jhe ayens treated * to 
This heat treatment allows constituent -^^^'^^^SS^X a mechanics, alloying 

be used on the condition that they can form the surrounding d epos* layer. used Exam . 

ria.s, synthetic graphite, acety.ene black and carbon j££ * . 50wt% , especially 1 . 30 % of the 

[0056] The amount of particles) ofthe present invention 

battery has more room available to contain more P^' 8 ' resjn or thermose tting resin. Desirable bind- 

[0057] Binders for the negative ^ectrode can be ^^S^X^^ po.y-tetraf.uoroethy.ene 
ers for the present invention includes the following matenals P VP W ropylene copol- 

(PTFE). poly-vinylidene fluoride (PYDF). styrene - butad.e ,n. rubb. J^J^^^S - hexaloropropyl- 
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opropy.ene - tetrafluoroethylene copolymer, a vinyliden fluoride perfluoro-methyl vinyl ether - tetrafluoroethylene copol- 
ler an ethylene - acrylic acid copolymer or its Na + ion crosslinking body, an ethylene - methacryhc ac.d copolymer o 
r Na! ion chinking body, a methyl acrylate copolymer or its Na + ion crosslinking body, and an ethylenemethyl 
methacrllat^ Tco^er or ite Na + ion crosslinking body. Favorable materials among these mate <^ « -^""^ 
, Sfne^bber polylylidene fluoride, an ethylene - acrylic acid copolymer or rts Na + .on crossing body, -nrtytan. 
meth^'ac^potymer or its Na + ion crosslinking body, a methyl acrylate copolymer or .ts Na + .on crosshnk.ng 
body, and an ethylene-methyl methacrylate copolymer or its Na + ion crosslinkmg body. 

roosfll As a neoative electrode current collector, any electronic conductors may be used on the cond.t.on that they 
do n! t cherSca.rchan^etthe battery. For example, stainless steel, nickel, copper, trtanium, carbon, conducive res.n, 



20 



25 



40 



45 



50 



Amount of the conductive materia.s to be added is not specify 
30% of the positive electrode materials is desirable. In the case of carbon and graph.te, 2-15 wt/o .s especraHy tavora 

" ^2) Binders for the pos.ve e.ectrode can ^~^r ^O^^^^^^ 
the negative electrode mentioned earlier can be used preferably, however, Kvuh 

condition that it does not chem.cally change wrth.n the range of c a ^'^ mentioned earlier may be used 
££, As e,ectrode mixtures for the positive electrode ana 

binders, fillers, dispersants, ionic conductor, 0 ressure h enha ^ f ^ such as polypropyl- 

adde^ Sspicificaily defined however, rt is desirably 0-30^ that at least tne su , 

[Sthe^^^^^ 

^ her T^*:Z^^~ -ent and - T£SS^~ 

L^eous solvents inc.ude cyclic carbonates such as ethylene carbonate ;<^^ 

bonate (BC), and vinylene carbonate (VC); acychc carbonate 8 ^fL^^^^ such as methyl for- 

(DEC), methyl ethyl carbonate (EMC), acydfc esters such 

mate, methyl acetate, methyl propionate, and ethyl Prop^nate, r^ones sucn ^a j J 

as 1 ,2 - dimethoxyethane (DME), 1 .2 - diethoxyethane (DEE) and * h ™y^ 1 .3 - diox- 

tetrahydrofuran and 2- methyltetrahydrofuran; and non-proton,c organ.c solvents such as dimetny. 
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olane formamide acetamide, dimethylformamide, dioxolane, acetonrtrile, propyonitrile, nitromethane, ethyl- 
monoqlime triester of phosphoric acid , trimethoxy methane, dioxolane derivatives, sulfolane, methyl sulfolane, 1,3- 
dimethvl-2-'imidazolidine, 3-methyl-2-oxazolidinone, propylene carbonate derivatives, tetrahydrofuran derivatives ethyl 
ether 1 1 3-propane saltane, anisole, dimethyl sulfoxide and N-methyl pyrolidon, These solvents are used independently 
5 or as a mixture of two or more solvents. Mixtures of cyclic carbonate and acyclic carbonate, or cyclic carbonate, acychc 
carbonate and aliphatic carboxylate are especially favorable. 

100671 As lithium salts which dissolve into the foregoing solvents include LiCI0 4 , LiBF 4 , LiPF 6 , LiAICI 4 , LiSbF 6 , 
LiSCN LiCI LiCF 3 S0 3 , LiCF 3 C0 2 , Li (CF 3 S0 2 ) 2 , LiAsF 6 , LiN(CF 3 S0 2 ) 2 , LiB 10 CI 10 , Irthium salts of lower aliphat.c car- 
boxylic acid' LiCI LiBr, Lil, chloroborane lithium, 4-phenil boric acid, and an imide group. These Irthrum salts can be d.s- 
io solved in the non-aqueous solvents mentioned earlier individually or as a mixture of two or more to be used as an 
electrolyte. It is especially favorable to include LiPF 6 in the electrolyte. 

rO0681 Especially favorable non-aqueous electrolytic solution of the present invention rnclude at least EC and EMC, 
and as a supporting salt, LiPF 6 . The amount of the electrolyte to be added to the battery is not specifically define* It 
can be determined according to the amount of positive electrode materials and negative electrode mater.as. The 
rs amount of the supporting electrolyte dissolved in the non-aqueous solvent is preferably 0.2-2mol/l, espec.ally 0.5- 

JooesT' ,S InsteSof an electrolyte, the following solid electrolytes which are categorized into inorganic solid electro- 
lytes and organic solid electrolytes can also be used. 

0070] Among inorganic solid electrolytes, lithium nitrides, Irthium halides, and lithium oxrdes are we I known. 

zo Among them, Li 4 Ji0 4 , Li 4 Si0 4 -Li.-LiOH, xLi 3 P0 4 - (1 -x)Li 4 Si0 4 , Li 2 SiS 3 , Li 3 P0 4 -Li 2 S-SiS 2 and phosphorus su.f,de com- 
pounds are effective^ ^ ^ e|ectro| ^ es jnclude polymer materials such as derivatives mixtures and complexes 
of polyethylene oxide, polypropylene oxide, polyphosphazene, polyaziridine, polyethylene sulf.de, polyv.nyl alcohol, pel- 
winylidene fluoride, polyhexafluoropropylene. ^^M^h,,™ 

25 Si It is effective to add other compounds to the electrolyte in order to improve d.scharge and charge/drscharge 
properties. Such compounds include triethy. phosphate, triethanolamine, cyc.ic ethers, ethylene dramrne ^KTaS 
dine, triamide hexaphosphate, nitrobenzene derivatives, crown ethers, quaternary ammonium salt, and ethylene glycol 

[0073]' eth ttTs also possib.e to construct a batteries such that polymer materials, which absorb and retain an organic 
30 electrolyte comprising solvents and lithium salts dissolved in the solvents, are included in the P os,t.ve electrode and the 
tSS^SSZ biding materials, and porous separator* comprising polymers which can absorb and reta.n an 
SaSSytB is disposed integrally with the positive electrode and the negative electrode. As the polymer maten- 
aS any mSs which can absort? and retain organic e.ectrolytic solution can be adopted. Among them, a copolymer 
of vinylidene fluoride and hexafluoropropylene is especially favorable. ^-irrfiniKKcM 
ro074] Fluorinated carbon compounds added to the negative electrode materials are defined as (CxF) n (1 sx<20). 
Desirably, these fluorinated carbon compounds irreversibly react with lithium ions in a reduction reactron. An "^"Hy 
high effect can be achieved when a fluorinated compounds of or a mixture of one or more fo.low.ng materials hermal 
J ack, acetylene black, furnace black, vapor phase grown carbon fibers, thermal* decomposed carboy natural ^rap - 
te synthetic graphite, meso-phase carbon micro beads, petroleum cokes, coal cokes, petroleum cartoon fibers, coal 
IIS! charcoal, activated cartoon, glassy carbon, rayon carbon fibers, and PAN carbon fibers, rs u«d 
ra0751 Tne amount of the carbon compounds to be added is desirably, as electric capacrty, the same as the differ- 
In^ irreve^bte c^fties of the positive electrode and the negative electrode. Since *°^™ h *™»}°Z™* 
fente of the common fluorinated carbons (CF) n and (C 2 F) n are respective* 864mAH/g and 623mAH/g, wher the added 
amount Z carbon compounds is 0.2%~15% of the total amount of the composite part.Ce matenals and cartoon com- 

oounds the carbon compounds work most effectively. , . . k^™ik, 

m076] MetaNic compounds added to the negative strode materials, and which car. be reduced ^^"^ 
o a metal in a reduction reaction , include metallic oxides, metallic sulfides, metall.c selen.des, and metalhc tellur.des 
whl^acl w^lithium ions in a reduction reaction within a range of e.ectric potentials between the P os,.ve e.ectrode 

so SSST "TJlSE^ at least one can be selected from a group comprising Ag 2 0, PbO, NiO, Ni 2 0 3 . CoO, 
CooO., Co 3 0 4 , CuO, Cu 2 0, Bi 2 0 3 , Sb 2 0 3 , Cr 2 0 3 , Mn0 2 and Fe0 4 . 

[0078? As metallic sulfides? at least one can be selected from a group compr.s.ng Ag 2 S, PbS, N.S, N. 2 S, N. 3 S 4 , 
Col Co 2 S 3 , Co 3 S 4 , CuS. Cu 2 S. Bi 2 S 3 , Sb 2 S 3 , Sb 2 S 4 , Sb 2 S 5 , CrS, Cr 2 S 3 , MnS, Mn 3 S 4 . MnS 2 and FeS, Fe 2 S 3 , FeS 2 , 

55 [0079] and A?metallic selenides. at least one can be selected from a group comprising Ag 2 Se, PbSe, Co 2 Se 3 , Co 3 Se 4 , 
CuSe, CuoSe, Bi 2 Se 3 , Sb 2 Se 3 , Sb 2 Se 5 , and Cr 2 Se 3 . 

[0080] As metallic telfurides, at least one can be selected from a group compns.ng Ag 2 Te, PbTe. N.Te, N. 2 Te 3 , 
CuTe, Cu 2 Te. Bi 2 Te 3 and Sb 2 Te 3 . 
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rno«n Needless to say a mixture of these oxides, sulfides, selenides and tellurides can also be used. These com- 
pounds need to oTadded' just enough to consume irreversible capacHy of the positive electrode. In general, such 
amount 0.2%-20% of the total amount of the composite particles and the foregomg compounds. 

Wfth these compounds, if for example. NiS is used, metallic nfcke, is formed in a reduction reaction def.ned 
by the following formula; 

NiS+2Li + +2e ->Ni+Li 2 S 

mnaai The nickel formed in the above reaction is chemically and electrochemically stable within the range of the 

mmmmwm 

following steps: 

collector which then functions as an active electrode, , j 

30 amount of electricity. 

[0 086] The most favorable e.ectro.yte for measuring is the ones used in the actual battery. The current density for 

ESSE— 

SJS"*^ Tshows a vertical cross section of a cylindrical battery of the present invention. In fig. 1 an positive 
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ovorourrem pro.ec.or. ^V^'^^^J^^^TJ^^^«'^^ 
terv In this case a compound which raises internal pressure can be mixed with the electrode mixture or wnn 
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rial, conventional compounds and composites such as asphalt can be used. 

[0092] The battery of the present invention can be applied in any form including coin shapes, button shapes, sheet 
shapes laminated shapes, cylinder shapes, flat types, square types and large types used in electric cars. 
[0093] The battery of the present invention can be used for portable information terminals, portable electronic 
s devices, domestic portable electricity storing devices, motor cycles, electric cars and hybrid electric cars. However, the 
application of the battery is not limited to the foregoing. 

[0094] The present invention is described in detail hereinafter in accordance with the preferred embodiments. The 
descriptions are not intended to be construed as limitations upon the scope of the invention. 

io (Manufacture of the composite particles) 

r00951 In Table 1 components (pure elements, inter-metallic compounds, solid solution) of the solid phase A and 
the solid phase B of the composite particles used in the preferred embodiments of the present invention , composition 
ratio of elements, melting temperature, and solid phase line temperature are shown. Commercially available highly pure 
w reagents are used as ingredients of each element. Impurities contained in the ingredients are examined with an induc- 
tively coupled plasma atomic emission spectroscopy, and re^^^ 

[0096] To obtain solid materials, powder or a block of each element composing composite part.cles is put into ■ a 
fusion vessel in the composition ratio shown in table 1, fused at the melting temperature also shown in table 1 The 
' fused mixture is rapidly cooled and solidified using a rapid cooling roll. Then, the solid was heat treated at temperatures 
20 of 1 0°C~50°C lower than the solid phase line temperatures shown in table 1 , in an inert atmosphere for 20 hours. The 
heat treated material is ground with a ball mill, and classified by using a sieve to prepare composite part.cles having a 
diameter not larger than 45 |im. Observation with an electron microscope confirmed these composrte particles having 
part of or the whole surface of the solid phase A thereof covered with the solid phase B. 

25 (negative electrode plate) 

r0097] To prepare the negative electrode plate 6, 20wt% of carbon powder and 5wt% of polyvinylidene fluoride are 
mixed with a75wt% of the composite particles synthesized under the foregoing conditions. The mixture is dispersed in 
dehydrated N-methylpyrrolidinone to form a s.urry. The slurry is coated on a negative electrode current collector com- 
prising copper foil, dried and rolled under pressure to form the negative electrode plate 6. 
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(positive electrode plate) 

[0098] To prepare the positive electrode plate 5, 1 0wt% of carbon powder and 5wt% of polyvinylidene fluoride are 
Led with as£t% of lithium cobaltate powder. The mixture is dispersed in dehydrated N-methy * *™ B 
slurry. The slurry is coated on an positive electrode current collector comprising copper foil, and dried and rolled under 
pressure to form the negative electrode plate 5. 

(electrolyte) 

[0099] The electrolyte is prepared by dissolving 1 .5mol/l of LiPF 6 in a mixed solvent of EC and EMC mixed at the 
ratio of 1to1 by volume. 

The first preferred embodiment 

[0100] in the flnt preferred embodiment , the piercing strength of the separators disposed in between the positive 
electrode and the negative electrode is set at around 300g, and their thickness is set (1) 10pm, (2) 13pm, (3) 15pm, (4) 
20um (5) 30nm, (6) 40pm and (7) 45pm. Polyethylene porous film is used to prepare the separators. 
[0-E UsTg the materials shown in table 1, batteries with separators with different th.ckness are manufactured. 
The manufactured cylindrical batteries are 1 8mm in diameter and 65mm in height. The batteries are charged wrth con- 
In current of 10 0mA until their voltage becomes 4.1V. and then discharged at the -nsta"t current of^ 00 mA untl 
their voltage becomes 2.0V. The charge/discharge cycle is repeated in a 

charge/discharge cycle is repeated 1 00 times, and ratio of the discharge capacity at the 1 00th cycle to that of the first 
rvcle is shown in Table 3 as capacity retention rates. 

[£02 Fo? comparison, a cylindrical battery is prepared by using graphite materials as the negatrve 

rial. In this case, 1510mAh discharge capacity at the first cycle and 92% capacity retention rate at the 100th cycle are 

pwT As it is clearly shown in Table 3, when the piercing strength of the separators is approximately 300g. batter- 
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ies 3-6 in which thickness of the separators is 1 5pm or more and 40pm or less, have a superior charge/discharge cycle 
properties with a higher capacity. On the contrary, when the thickness of the separators is 15pm or less, the capacity 
retention rate becomes 60% or less and sufficient properties can not be achieved. 

r0104l The predominant reason for this decrease in the discharge capacity is considerably that when the thickness 
5 of the separators is 1 5pm or less, the negative electrode materials or conductive materials around the surface of he 
negative electrode plate partially penetrate through the separators disposed in between the positive electrode and the 
negative electrode due to the increase in volume of the negative electrode materials during charging, and cause a micro 

SSr^When the thickness of the separator is 45pm or more, although cycle deterioration caused by the micro short 
w circuit does not occur, the volume of the separators within the casing of the battery increases. Thus, the amount of the 
materials in the positive electrode and the negative e.ectrode decreases , resulting in a lowered d.scharge .capacity a 
the first cycle to the level almost the same as a battery using graphite materials as the negative electrode. Therefore, .t 
is difficult to achieve a battery with a high capacity. 

is The second preferred embodiment 

roi061 in the second preferred embodiment, the thickness of the separators disposed in between the positive elec- 
tee and the negative e.ectrode is set at 15pm. and the piercing strength thereof, set at 152g, 204g, 303g, and 41 ig. 
Polyethylene porous film is used to prepare the separators. nraft , mr t 
20 [0107] Batteries with different piercing strength are manufactured in the same manner as ,n the first preferred 
embodiment. The resute are shown in Table 4. As it is clearly shown in Table 4, when the p.erc.ng strength of the sep- 
arators is 200g or stronger, the charge/discharge cycle property is superior with the capacity retention rate* the ^bat- 
tery 85% or higher. On the contrary, when the piercing strength of the separators is 200g or less, the capacrty retent.on 
rate of the battery is around 40%, thus failing to achieve desired properties. 

[0108] The predominant reason for this deterioration in the capacity is that, when the pier c.ng strength of the sep- 
arators is I bum or less the negative electrode materials or conductive materials around the surface of the nega ve 
eSode plaTpart airy penetrate through the separators disposed in between the positive electrode and the ; negate 
electrode due to the increase in volume of the negative e.ectrode materials during charging, and cause a micro short 

£7o U 9] in this embodiment, the batteries are formed with separators of drfferent piercing strength by 'Mtlngthe 
thickness of the separators to 1 Sum , namely the thinner end of the range of 1 5pm or more and 40pm or less as defined 
, However^ from the results of the first and the second preferred embodiments, rt can reasonably 
be expected that a micro short circuit should not occur when the thickness of the separators ,s within the range defined 
hv thp oresent invention and the piercing strength is 200g or more. 
35 ?0110] " Tn thrembodiment, the negative electrode materials are limited to materia. A, however, other materials 

obtain similar results embodiments, polyethylene porous film is used to prepare the separa- 

Eni ! however «* as'polypropy.ene and potyethylene may be used independently or ,n combination 

; O 0lT 2 ] S RegLIlfconstituent elements of the negative electrode mataria.s, when the solid phase A is Sn , Mg from 
group 2 elements, Fe and Mo from transition elements, Zn and Cd from group 12 elements A. from group ISM 
a"d Sn from group 14 elements are used as constituent elements of the solid phase B. However, sim.lar resufts are 
obtained with other elements selected from each group. 

rail 3] When the solid phase A is Si, Mg from group 2 elements. Co and Nl from transition ele ments Z n from g oup 
1 2 elemen^AI from group 1 3 elements and Sn from group 1 4 elements are used. However, similar results are obtained 
wft f other elements selected from each group. Similarly, when the solid phase A is Zn, Mg from group 2 e emente Cu 
and V from transition elements, Cd from group 1 2 elements, A. from group 1 3 elements and Ge from group 14 elements 
are used. However, similar results are obtained with other elements selected from each group 

[0114] The composition ratio of the constituent e.ements of the negative electrode matenals is defined on the 
so condit on that the composite particles have two phases with one of them (phase A) mainly formed with Sn Si, and Zn 
and pari o! whole surface of which covered with the other phase (phase B). The phase B is not ™^n^£~l 
only of solid solutions and inter-metallic compounds shown in Table 1 . It may also contains a trace of elements compos- 
ing each solid solution and inter-metallic compound, as well as other elements. 

55 The third preferred embodiment. 

roi15] In the third preferred embodiment . the amount of the electrolyte is set at 0.05ml/g. 0.10ml/g, 0.l5ml/g 
Kg. 0 25m" g LL/g and 0.45m.g against the total weight of lithium-cobatt compos,te ox.de contained ,n the 
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casing of the battery and the negative electrode materials. 

[0116] With the foregoing construction, batteries with different amounts of electrolyte are prepared in the same 
manner as the first preferred embodiment. These cylindrical batteries are 18mm in diameter and 65mm in height. The 
batteries are charged with constant current of 1 00mA until their voltage becomes 4.1 V, and then discharged at the con- 
stant current of 100mA until their voltage becomes 2.0V. This cycle is repeated in a temperature-controlled oven at 
20»C The charge/discharge cycle is repeated 100 times, and ratio of the discharge capacity at the 100th cycle to that 
of the first cycle is shown in Table 5 as capacity retention rates. During charging/discharging cycles, liquid leakage was 
slso observed 

r0117l As it is clearly shown in Table 5, the batteries of which the amount of the electrolyte is 0.1ml/g or more and 
0 4ml/g or less have superior charge/discharge cycle properties with a higher capacity than the batteries using graphite, 
and have 85% or higher capacity retention rates. On the contrary, when the amount of electrolyte is 0.1ml/g or less or 
0 4ml/q or higher, desirable properties can not be obtained as the capacity retention rate fail to reach 85%. 
r01 1 81 The predominant reason for this decrease in the capacity is that, in the case of the batteries of which the 
amount of the electrolyte is 0.05ml/g. the electrolyte fails to cover part of the negative electrode. In the part of the neg- 
ative electrode where the electrolytic solution sufficiently penetrates , excess lithium ions contribute to the electrode 
reaction and enhance the charging capacity of the negative electrode materials, thus making the negative electrode 
materials an undesirable structure in terms of charge/discharge cycle properties. On the other hand, not less than half 
of the batteries of which the amount of the electrolyte is 0.45mUg. have electrolyte leakage during the charge/discharge 
~ cycles. This is predominantly due to the excess electrolyte which overflows from in between the positive electrode and 
20 the negative electrode plates, raising the internal pressure of the batteries. 

The fourth preferred embodiment 

r0119l In this embodiment , batteries are prepared in the same manner as the first preferred embodiment using the 
materials shown in Table 1 for the negative electrode, and setting the porosity of the mixture layer of the negative elec- 
trode at 5% 1 0% 20%, 30%, 40%, 50%, and 60%. The porosity is adjusted by controlling the level of the rolling by a 
pressure roll. The' thickness of the electrodes is set to be the same. The porosity is measured before constructing the 
batteries These cylindrical batteries are 18mm in diameter and 65mm in height. 

101201 The batteries are charged with constant current of 100mA until their voltage becomes 4.1V, and then dis- 
charged at the constant current of 1 00mA until their voltage becomes 2.0V. This cycle is repeated in a temperature-con- 
trolled chamber at 20°C. The charge/discharge cycle is repeated 100 times, and ratio of the discharge capacity at the 
1 00th cycle to that of the first cycle is shown in Table 6 as the capacity retention rates. 

[0121] As it is clearly shown in Table 6, the batteries in which the porosity of the mixture layer is 1 0% or more, have 
a superior charge/discharge cycle properties with a higher retention rate of 85%. The batteries in which the porosity of 
the mixture layer is 50% or less, the discharge capacity after 1 00 cycles is 1500mAh or more. This value matches the 
discharge capacity of a battery of the same size as this embodiment, in which carbon materials are used for the nega- 
tive electrode and the porosity is set at 35 %. Therefore, setting the porosity at 10% or more and 50% or less achieves 
. batteries with higher capacity and superior charge/discharge cycle properties than batteries using carbon materials as 
the negative electrode materials. 

The fifth preferred embodiment 

[0122] In this embodiment . batteries are prepared in the same manner as the battery No. 3 in the first preferred 
embodiment (thickness of the separator: 20um), in which a trace of predetermined amount of impurity elements are 

45 Txed with the negative electrode materials to form the composite particles. The added elements, and their amount, the 
Ztag. capacity at the first cycle, the discharge capacity at the 1 00th cycle, and the discharge capacity re ention rate 
are shown in Table 7. In Table 7, the content of the elements is the total amount of impurity elements naturally included 
in the negative electrode materials and added elements. As Table 7 shows, by adding elements such as iron, lead and 
bismuth to the composite particles by 0.0005wt% to 0.0020wt%, the discharge capacity retention rate .ncreases by 1 - 

so 4%. 

The sixth preferred embodiment 

[0123] In this embodiment, batteries are prepared in the same manner as the battery No. 3 in the first preferred 
55 embodiment (thickness of the separators: 20pm). In the negative electrode, a mixture of the composite particles and 
fluorinated carbon compounds defined as (C X F) n (1* n <20) is used. The amount of the added carbon compounds is 
set at 4% of the addition of the composite particles and the carbon compounds. For comparison, conventional batteries 
in which the same carbon compounds are added to the graphite materials thereof are examined. The result .s shown in 
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- -r«aw« a onH x^hi^ th* hattPries of this embodiment have a significantly higher discharge retention 

M em badi,n e a. have a MM* h»e , o, M pas.,., atecroda and naoadve 

T01241 Fiq. 3 is a schematic view showing a behavior of electric poienuaib u. uu H" 
SSS- of the ba«eries offlV.s « ^ 

amount of initial charg.ng of the posrtive electro de (B - C) is the initial wnao P Y ^ ^ 

(C - A) is the irreversible capacty of ^ /^^^^J^ Tn th^ process of the initial charging of the neg- 
trode, which is equal to the amount of (A - B) of Sgate electrode are electrochemically reduced, and 

ative electrode, fluorinated carbon compounds v^^*^™^*^ arethe main components of the neg- 
atter the amount (A' - O is charged, the negative electrod e act e ma e " a ' s negative electrode active 

ative electrode are charged with lithium ions. It m equal to jhama* " ™ to ^ of tne posWve elec . 

materials (B> - C"). The discharge capacity of the ^T^S^tS negate electrode are reversible capacities of 
trode (B - C). The discharge capacities of ^^^^^S^^s themselves, 
each electrode. (C - D) is an irreversible capac .ty of the negat.ve ^ele«ro compounds , the value of (A" - C), 

[0125] As understood from F.g 3 . for the amount «^£™J£f are main materials of the negative 
obtained by subtracting the irreversible capacity of the composite partcmr wn f , uorinated carbon compounds 

electrode from the reversible capacity of the positive electr °^ ( c ' A) is ^ and even 

have large electrochemical equivalents per weight, therefore, the amour ^att«> * 
after being added to the negative electrode, the increase in volume « nnsign Jtaant ^ 

ing the deterioration of the cycle life. 
The seventh preferred embodiment 

[0127] in this embodiment, batteries are formed in the same manner as the sj^h preferred embodiment. 
0128 The positive electrode plate is manufactured '^^^ST!oSSn'-. used. The nickel suifate so.u- 
[0129] Nickel sulfate solution, cobalt sulfate solution a " d ^^^ 0 ^^ oroU g hly , and then the sodium 
don and the cobalt sulfate solution are lead into a vessel at a constant flow ^> ^^^precipitated nickel-coba.t 

SSS.'TSSaSSSSS »So7C2r~ * S- an, — und„ . -a™ 

the negative electrode plate 6. omftlint n f the foreaoinq metallic compounds added is 

[0131, NiO is mixed into the negative ^ od ^ 

3.36wt% against the total amount of the composite particles W^'/J batte ries is examined. The result is 
battery prepared by adding 

shown in Table 9. Comparing Table 9 and Table 3, the batteries oTims ™ Compared with the batteries 

retention rate than the ones without NiO, ™ u »"^^^ 5 the first cycle. 

embodiment. 

The eighth preferred embodiment 

riaisCandJinTadla , ara ^"J^^f^^^JSSSi ta»urida S are alsa uaad (ar .ha nagaaae 
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metallic selenides, and metallic tellurides achieve similar results. 

[0135] In this embodiment, LiNi 0 ^Coo 15 0 2 is used as an positive electrode active material, however, other lithium 
containing metallic compounds, whose charge/discharge efficiency to intercalate and de-intercalate hth.um ions defined 
as (intercalating amount / de-intercalating amount x 100 (%)) is within the range of 75%-95%. can achieve sim.lar 
results since working principle of the batteries is the same. Especially when the positive electrode active materials are 
lithium containing nickel oxides defined as Li x Mn. y M y O z (M is at least one of Na, Mg, Sc, Y, Mn, Fe, Co, Ni, Cu, Zn, Al, 
Cr Pb SbandB andx=0-1 2 Y=0-0.9, z=2.0-2.3), the irreversible capacity is large, thus the effect of the present inven- 
tion is especially high. Even higher effect can be achieved when the above lithium containing nickel oxides are synthe- 
sized at a temperature range of 750°C-900°C. 

The ninth preferred embodiment 

[01361 In this embodiment, batteries are prepared in the same manner as the first preferred embodiment, and with 
different ratios of the positive electrode specific surface area to that of the negative electrode. Material B in Table 1 is 
used as a negative electrode material. The specific surface area of the material B changes under various manufactunng 
conditions besides the diameter of the particles , such as rotating velocity of the roll during roll-quenching, conditions 
of the heat treatment conducted in an inert atmosphere, and conditions of the grinding by the ball mill. Powder materials 
having various specific surface areas as a result of these different manufacturing conditions are used as samples. 
- [01371 It has been known that the specific surface area of the lithium cobaltate used as the positive electrode mate- 
rials can be changed depending on different manufacturing methods. The cylindrical batteries prepared in this embod- 
iment are 18mm in diameter and 65mm in height. Fig. 4 shows changes in the cycle life and the deterioration in the 
capacity retention rate at high temperatures. , t . . . 

[0138] The horizontal axis of Fig. 4 shows values of (the specific surface area of the negative electrode materials) 
/ (the specific surface area of the positive electrode materials) (hereinafter, ratio of the specific surface area) as a loga- 
rithm axis The vertical line on the right side shows the cycle Me, and on the left side, deterioration in the capacity reten- 
tion rate During the test on the cycle life, batteries are charged with constant voltage of 4.1V and constant current 1 A 
in maximum current limit, until the current becomes 100mA. The discharge is conducted by the constant current of 
500mA until the voltage reaches 2.0V. Quiescent period during switching between charging and discharging is set to be 
20 minutes. For the cycle life, the number of cycles repeated until the capacity decreases to 80% of the first discharge 
capacity are measured. The vertical line of Fig. 4 shows values of cycle life obtained when the cycle life of a battery, 
which is prepared for comparison in the same manner using graphite as a negative electrode material, is set at 100. 
The ratio of the specific surface area of the battery using graphite prepared for comparison is 8. The charging/discharg- 
ing cycles are repeated in a temperature-controlled oven at 20°C. The test or, deterioration in the capacity retention rate 
is conducted on a charged battery which is kept in the temperature-controlled oven at 60°C for 20 days by measuring 
its capacity retention rate against its initial capacity. In this case as well, the ratio is shown when the deterioration rate 
in the capacity of the battery using graphite as a negative electrode material is 100. Looking at the cycle life, as Fig. 4 
shows, when the ratio of the specific surface area is 1.0 or less, it starts to decrease gradually and at 0.3 £r tes^rt 
decreases rapidly. Therefore, the ratio is favorably 0.3 or more, and especially 1 .0 or more. When the ratio of he specific 
surface area is 0.3 or less , the influence of a smaller reaction area of the negative electrode compared with that of pos- 
itive electrode becomes clear with lithium depositing on the surface of the negative electrode material during a high- 
speed charging, thereby significantly reducing the cycle life of the batteries. _ rarJ 
[01391 Regarding the capacity retention rate, when the ratio of the specific surface area is 4 or more, it lowers grad- 
ually and at 12 or more, it lowers rapidly. Therefore, the ratio of the specific surface area is favorably 12 or less, espe- 
cially 4 or less When it is 4 or more, the utilization rate of the positive electrode materials increases. As a result, he 
electric potential of the positive electrode when fully charged, rises promoting the generation of gas. Thus, when the 
battery is charged and left as it is, significant deterioration in the capacity results. Due to the foregoing reasons, the ratio 
of the specific area is favorably between 0.3 and 1 2, especially between 1 and 4. 

[0140] In the same manner, batteries are prepared using negative electrode materials other than the material B in 
Table 1 and the cycle life and the deterioration in the capacity retention rate at high temperatures are measured. The 
result is shown in Table 1 1 . With these materials, almost the same results are obtained. In the sections of cycle life and 
the deterioration in the capacity retention rate of Table 1 1 , favorable ranges of the ratios of the specific surface ere* .are 
shown. Regarding the cycle life, favorable ranges are not less than the values in parenthesis. Conversely, favorable 
ranqes for the capacity retention rate are not more than the values in the parentheses. 

[01411 In this embodiment, the batteries are charged with constant voltage of 4.1 V and constant current 1 A in max- 
imum current limit, however, similar results are achieved with different charging voitage and current levels and with 
pulse charging. Considering this result, the favorable ratio of the specific surface area is between 0.3 and 12, and par- 
ticularly between 1 and 4, regardless of charging/discharging conditions. This preferred embodiment confirms that the 
batteries of the present invention are suitable for a high-speed charging. 
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The tenth preferred embodiment 

T01421 In this embodiment batteries are prepared in the same manner as the ninth preferred embodiment. To 

electrode material is 100. mnrp - rt c^orfc to decrease qrad- 

10146] Regarding the cycle I*, as W«™^ e ^^\X sT^W ^Z. Regard- 
ually and at 15 or more, ft decreases rap. dly Thereto re th e ^J^^ gradua ly and at 0.01 or less, it lowers 

, anJtheiT.ife and the deterioration^ in the capacity retention rate at high ^^ZTSETZ 
result is shown in Table 10. With these materials, almost the same results as those of the material B are orwm. in 
hTseSios concerning cycle life and the deterioration in the capacity retention rate "J^XT^Zl™ 
I R1 are shown Values in parentheses indicate more favorable ranges. Regard.ng the cycle I fe favorable ranges are 
not mTre th^e vaSfes in the parenthesis. Conversely, favorable ranges for the capacity retent,on rate are not less 

LmLrentlimi.howeve^ 

charging. Considering this result, the favorable value of R2 / Ri is Detween 
and 2 regardless of charging/discharging conditions. 

Industrial Applicability 

T01491 As thus far described according to the present invention, non-aqueous electrolyte secondary batteries 
whichare enable o Tbefng charged at a high speed and have higher capacity and superior cycle properties to conven- 
SbSertefusIng carbon materials as negative electrode materials thereof can be ach.eved. The industrial effect of 
this is remarkable. 
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Table 1 



Negative electrode 
material 


Phase A 


Phase B 


Melting tempera- 
ture (°C) 


Solid line temoera- 
ture (°C) 


OUI 1 Ipuo ( LI U I i ^niui i i 

%) 


Material A 


on 


MrirtSn 

i vi y 2 


770 


204 


Sn:Mg=50:50 


MaterialB 


On 

on 


"col 12 


1540 


513 


Sn:Fe=70:30 


MaterialC 


on 


M«Cn„ 

IVIO0112 


1200 


800 


Sn:Mo=70:30 


MaterialD 


Sn 


z.n, on ooiiu o. 


420 


199 


Sn:Zn=90:10 


MaterialE 


Sn 


UQ, on ooiiu o. 


232 


133 


Sn:Cd=95: 5 


MaterialF 


Sn 


in, on OOIIU O. 


235 


224 


Sn:ln=98: 2 


MaterialG 


Sn 


bn, PD oOHQ o. 


232 


183 


Sn:Pb=80:20 


MaterialH 


Si 


Mg 2 Si 


1415 


946 


Si:Mg=70:30 


Material! 


Si 


CoSi2 


1 AO** 


1259 


Si:Co=85:15 f 


MaterialJ 


Si 


Nlol 2 




993 


Si:Ni=69:31 ~ 


MaterialK 


Si 


Si, Zn Solid S. 




420 


Si:Zn=50:50 


\ MaterialL 


Si 


Si, Al Solid S. 


RIO 


577 


Si:AI=40:60 


Material M 


Si 


Si, Sn Solid S. 


1415 


232 


Si:Sn=50:50 


MateriaIN 


Zn 


M92 Zn li 


650 


364 


| Zn:Mg=92.9:7.8 


MaterialO 


Zn 


Zn, Cu Solid S. 


1085 


425 


Zn:Cu=97: 3 


Material P 


Zn 


VZn in 


700 


420 


Zn:V=94: 6 


MaterialQ 


Zn 


Zn, Cd Solid S. 


420 


" 266 


Zn:Cd=50:50 


MateriaIR 


Zn 


Zn, Al Solid S. 


661 


381 


Zn:AI=90:10 


Materials 


Zn 


Zn, Ge Solid S. 


938 


394 


Zn:Ge=97: 3 j 
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Table 3 



Battery 
No. 


Separator 
Thickness 
(micro meter) 


Initial Discharge 
Capacity 

(mAh) 


100th Discharge 
Capacity 

(mAfl/ 


capacity 
retention rate 




1 


1 0 


2 0 5 0 


8 8 2 


4 3 




2 


1 3 


19 9 8 


10 3 9 


5 2 


Matrial 


3 


1 5 


19 6 3 


16 8 8 


8 6 


A 
*± 


2 0 


18 7 2 


16 8 4 


9 0 


A 


tz 


3 0 


13 9 6 


14 7 6 


8 7 




u 


4 0 


15 2 0 


13 0 7 


8 6 




7 
i 


4 5 


14 2 2 


12 0 9 


8 5 




i 

X 


1 0 


2 0 4 5 


8 3 8 


4 1 






1 3 


19 9 0 


9 5 5 


4 8 




3 


1 5 


19 5 2 


17 3 7 


8 9 


B 


4 


2 0 


18 6 4 


16 7 8 


9 0 




5 


3 0 


16 8 8 


1 4 6 9 _^ 


8 7 




6 


4 0 


15 0 9 


12 8 3 


8 5 




7 


4 5 


14 2 0 


12 2 1 


8 6 




1 


1 0 


2 0 2 9 


8 11 


4 0 




2 


1 3 


19 7 3 


9 8 7 








1 5 


i a q t 
1 9 6 1 


i fi fi 
x o o o 


8 6 


C 


4 




18 4 7 

1 O T 1 


16 2 5 


8 8 




5 


3 0 


16 6 5 


14 4 9 


8 7 




6 


4 0 


14 9 5 


12 7 0 


8 5 




7 


4 5 


13 9 7 


12 2 9 


8 8 




1 


1 0 


2 0 3 0 


7 9 1 


3 9 




2 


1 3 


19 7 3 


10 0 7 


5 1 




3 


1 5 


19 4 2 


17 2 8 


8 9 


D 


4 


2 0 


18 5 2 


16 6 7 


9 0 




5 


3 0 


16 7 3 


14 8 9 


8 9 




6 


4 0 


14 9 5 


13 0 0 


8 7 




7 


4 5 


14 0 6 


12 0 9 


8 6 




i 

X 


1 0 


2 0 5 6 


8 2 2 


4 0 




2 


1 3 


2 0 0 0 


8 6 0 


4 3 




3 


1 5 


19 6 4 


17 4 8 


8 9 


E 


4 


Z 0 


1 Q 7 c 


^ 17 0 6 


9 1 




5 


3 0 


16 9 7 


14 7 6 


8 7 




6 


4 0 


15 17 


13 0 4 


8 6 




7 


4 5 


14 2 6 


12 5 4 


8 8 




1 


1 0 


2 0 4 2 


7 7 6 


3 8 


F 


2 


1 3 


19 8 7 


9 14 


4 6 




3 


1 5 


19 5 4 


17 0 0 


8 7 




4 


2 0 


18 6 1 


16 9 4 


9 1 
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5 


3 0 


16 8 3 


1 A Q Q 

l 4 y o 


8 Q 

O 17 




6 


4 0 


15 0 3 


13 2 3 


Q O 
O O 




7 


4 5 


14 15 


12 7 4 






1 


1 0 


2 0 5 3 


Q O 1 

o Z I 






2 


1 3 


19 9 7 


10 18 






3 


1 5 


19 6 2 


17 2 7 


Q Q 
O O 


G 


4 


2 0 


18 7 1 


16 8 4 


9 V 




5 


3 0 


16 9 5 


14 7 5 


8 7 




6 


4 0 


15 12 


13 0 0 


8 6 




7 


4 5 


14 2 1 


12 5 0 


8 8 




1 


1 0 


2 13 0 


7 6 7 


3 6 




2 


1 3 


2 0 8 0 


9 5 7 


4 6 




3 


1 5 


2 0 4 5 


17 7 9 


8 7 


H 


4 


2 0 


19 5 6 


17 6 0 


9 0 




5 


3 0 


17 7 6 


15 8 1 


8 9 




6 


4 0 


15 9 4 


13 8 7 


8 7 




7 


4 5 


15 0 4 


^ 13 0 8 


8 7 




1 


1 0 


2 111 


8 0 2 


3 o 




2 


1 3 


2 0 6 7 


10 3 4 


5 0 




3 


1 5 


r 2 0 2 8 


17 4 4 


8 6 


I 


4 


2 0 


f 19 4 0 


17 2 7 


8 9 




5 


3 0 


17 6 2 


15 3 3 


8 7 




6 


4 0 


15 7 9 


13 4 2 


8 5 




7 


4 5 


14 9 3 


13 14 


8 8 




1 


1 0 


2 15 5 


7 7 6 


3 6 




2 


1 3 


2 10 0 


9 6 6 


4 D 




3 


1 5 


2 0 6 5 


18 3 8 


O Q 

o y 


J 


4 


2 0 


r 19 7 4 


17 9 6 


O 1 

9 1 




5 


3 0 


17 5 9 


15 8 3 


y u 




6 


4 0 


16 16 


13 9 0 






7 


4 5 


15 2 6 


13 5 8 


Q Q 

o y 




1 


1 0 


2 14 7 


9 0 2 


4 ^ 




2 


1 3 


2 0 9 4 


10 4 7 


o u 








2 0 5 8 


17 7 0 


8 6 


4 


2 0 


19 6 9 


17 7 2 


9 0 




5 


3 0 


17 8 8 


15 5 6 


8 7 




6 


4 0 


16 11 


13 8 5 


8 6 




7 


4 5 


15 18 


13 6 6 


9 0 




1 


1 0 


2 16 9 


7 8 1 


3 6 


L 


2 


1 3 


f 2 113 


8 6 6 


4 1 
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3 


1 5 


2 0 7 6 


18 0 6 


8 7 




4 


2 0 


19 8 9 


17 5 0 


8 8 




5 


3 0 


18 0 5 


15 5 2 


8 6 




6 


4 0 


16 2 8 


13 8 4 


8 5 




7 


4 5 


15 3 0 


13 3 1 


8 7 




1 


1 0 


2 16 0 


7 7 8 


3 6 




2 


1 3 


2 10 5 


9 8 9 


4 7 




3 


1 5 


2 0 6 9 


18 2 1 


8 8 


M 


4 

*x 


2 0 


19 8 1 


17 8 3 


9 0 




C 

o 




18 0 2 


15 5 0 


8 6 




0 


il fi 


16 2 0 

X \J C* \J 


13 7 7 


8 5 




7 
f 




15 3 2 


13 4 8 


8 8 




i 
1 


1 0 

X w 


2 117 


9 10 


4 3 




o 


X 


9 0 fi 5 

\J \J \J 


10 5 3 


5 1 




Q 

o 


1 R 
X o 


9 0 2 7 

Ct \J 1 


18 0 4 


8 9 




ft 


9 n 


19 3 9 


17 6 4 


9 1 




D 


o u 


1 7 5 Q 


15 3 0 


8 7 




D 


ft u 


1 C 7 Q 


13 4 2 


8 5 




7 


A q 


14 8 7 


13 2 2 


8 9 




1 

X 


J. \J 


2 12 6 


9 5 7 


4 5 




o 

Ct 


X O 


2 0 7 0 


10 14 


4 9 




o 
o 


X o 


2 0 3 4 


17 9 0 


8 8 


o 


fx 




19 4 5 


17 5 1 


9 0 




C 
D 




17 6 5 


15 7 1 


8 9 




D 




15 8 4 


13 6 2 


8 6 




7 


A q 


14 9 8 


13 0 3 


8 7 




X 


1 0 


2 0 8 5 


7 3 0 


3 5 




O 
Z 


X o 


2 0 2 6 

L*l \J Cm V 


7 9 0 


L_ 3 9 




Q 
O 


X o 


19 9 3 

X is v 


17 5 4 


8 8 


p 


A 
rt 


9 0 


19 0 9 


16 9 2 


8 9 








17 2 0 


14 7 9 


8 6 






4 0 


15 4 3 


13 12 


8 5 




7 




14 5 3 


12 7 9 


8 8 




i 


1 0 


2 0 9 2 


8 3 7 


4 0 




2 


1 3 


2 0 3 4 


9 5 6 


4 7 




3 


1 5 


2 0 0 1 


17 2 1 


8 6 


Q 


4 


2 0 


19 10 


17 19 


9 0 




5 


3 0 


17 3 5 


15 0 9 


8 7 




6 


4 0 


15 5 2 


13 19 


8 5 




7 


4 5 


14 6 2 


12 8 7 


8 8 
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1 


1 0 


2 12 7 


7 8 7 


3 7 




2 


1 3 


2 0 7 6 


10 3 8 


5 0 




3 


1 5 


2 0 3 9 


17 9 4 


8 8 


R 


4 


2 0 


19 4 9 


17 5 4 


9 0 




5 


3 0 


17 6 9 


15 5 7 


8 8 




6 


4 0 


15 8 9 


13 5 1 


8 5 




7 


4 5 


15 0 1 


13 3 6 


8 9 




1 


1 0 


2 0 8 7 


8 9 7 


4 3 




2 


1 3 


2 0 3 4 


9 9 7 


4 9 




3 


1 5 


19 9 5 


17 3 6 


8 7 


! s 


4 


2 0 


19 0 7 


16 9 7 


8 9 




5 


3 0 


17 2 5 


14 8 4 


8 6 




6 


4 0 


15 5 0 


13 18 


8 5 


7 


4 5 


14 5 9 


13 13 


9 0 
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Table 4 



30 



35 



O 



Battery No. 


Separator Piercing 
Strength 


Initial Discharge 
Capacity (mAh) 


100th Discharge 
Capacity (mAh) 


capacity retention rate 
(%) 


Material A 


1 


152 


1963 


844 


43 




2 


204 


1963 


1747 


89 




3 


303 


1963 


1688 


86 




4 


411 


1963 


1766 


90 


H 


1 


152 


1956 


841 


43 




2 


204 


1956 


1741 


89 




3 


303 


1956 


1682 


86 




4 


411 


1956 


1760 


90 



45 



50 



55 
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Table 5 



Battery 
No. 


Electrolyte 
Amount 
(ml/*) 


Initial Discharge 
Capacity 
(mAb) 


100th Discharge 
Capacity 

(mAb) 


capacity 
retention rate 

(TO) 




1 


0.0 5 


18 7 2 


13 6 7 


7 3 




2 


0.10 


18 7 2 


15 9 1 


8 5 


Material 


3 


0.15 


1 O *7 O 


1 a 1 n 

1 O X \J 


8 6 


4 


0.2 0 


18 7 2 


16 8 5 


9 0 


A 


5 


0.2 5 


18 7 2 


16 2 9 


8 7 




6 


0.4 0 


18 7 2 


15 9 1 


8 5 




7 


0. 45 


18 7 2 


13 10 


7 0 




1 


0-0 5 


18 6 4 


! 13 4 2 


7 2 


B 


2 


0.10 


18 6 4 


16 0 3 


8 5 



*rt»B 
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45 



50 
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19 4 9 


17 15 


8 8 




6 


0.4 0 


19 4 9 


16 5 7 


8 5 




7 


0. 4 5 


19 4 9 


14 4 2 


7 4 




1 


0. 0 5 


19 0 7 


13 5 4 


7 1 




2 


0. 10 


19 0 7 


16 2 1 


8 5 




3 


0. 15 


19 0 7 


16 5 9 


8 7 



s 
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4 


0. 2 0 


19 0 7 


16 9 7 


8 9 




5 


0.2 5 


19 0 7 


16 4 0 


8 6 




6 


0. 4 0 


19 0 7 


16 2 1 


ft ^ 




7 


0.4 5 


19 0 7 


13 16 


D 9 






Table 6 




Battery 
No. 


Porosity 

(%) 


Initial Discharge 
Capacity 

(mAh\ 

VIUAll/ 


100th Discharge 
Capacity 
CmAh) 

vjuntt/ 


capacity 
retention rate 
\7 0 ) 




i 

X 


5 


r O 1 £T C 

2 2 o 5 


1 A Q Q 

x ft o o 


6 6 




? 


1 0 


2 19^ 


1 7 7 fi 
X / f O 


8 1 




o 
o 


2 0 


2 0 5 2 


1 7 A C 


8 6 


Ma trial 




3 0 


i r\ o o 

19 2 2 


1 7 Q C\ 

1 # o U 


9 0 


A 


c: 


4 0 


17 9 0 


1 A A 7 
X O «* f 


9 2 




A 

vJ 


5 0 


16 5 6 


1 ^ 7 
1 D 0 f 


9 4 




7 


6 0 


14 9 9 




9 6 




i 

X 


5 


2 2 4 5 


1/11/4 


6 3 




2 


1 0 


2 17 8 


1 *7 CZ A 


8 1 




3 


2 0 


2 0 4 1 


1 7 7 A 


8 7 


B 


4 


3 0 


19 14 


1 7 n q 


8 9 




5 


4 0 


17 8 3 


1 A 9 ^ 

1 O *s O 


9 1 




6 


5 0 


1 D 5 1 


1 ^ R 9 
X O O ^5 


9 4 




7 


6 0 


14 y b 




9 5 




1 


5 


^ ^ 1 D 


1 3 7 4 
x o # *± 


6 2 




2 


1 0 


^ l o y 


1 7 P 7 


8 0 




3 


Z 0 


o rv n Q 
Z U ^ o 


17 7 0 

x i 4u vy 


8 5 


C 


4 


3 0 


18 9 7 


16 6 9 


8 8 




5 


4 0 


17 6 9 


16 10 


9 1 




6 


5 0 


16 3 7 


15 3 9 


9 4 




7 


6 0 


14 8 8 


14 14 


y o 




1 


5 


2 2 2 3 


14 2 3 


O ffc 




2 


1 0 


2 16 3 


17 9 5 


ft 


D 


3 


2 0 


2 0 3 1 


17 8 7 


o o 




4 


3 0 


19 0 2 


17 12 


9 0 




5 


4 0 


17 7 2 


16 4 8 


9 3 




6 


5 0 


16 4 0 


15 5 8 


9 5 




7 


6 0 


14 9 3 


14 18 


9 5 




1 


5 


2 2 4 9 


13 7 2 


6 1 




2 


1 0 


2 19 0 


18 18 


8 3 




3 


2 0 


2 0 5 6 


17 8 9 


8 7 



E 
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10 



15 



20 



H 



35 



40 



45 



_4_ 
_5_ 
_6_ 
_7_ 

_2_ 
_3_ 
_4_ 
_5_ 

7_ 
J_ 
_2_ 
_3_ 

4_ 
_5_ 
_6_ 

7 



3 0 

4 0 

5 0 

6 0 



1 0 

2 0 

3 0 

4 0 

5 0 

6 0 
5 

1 0 

2 0 



3 0 



4 0 



5 0 



6 0 



1_ 
_2_ 
_3_ 
_4_ 
_5_ 
^_ 
_7_ 
J_ 
J_ 
3 
4 
_5_ 
_6_ 
_7_ 
J_ 
_2_ 
_3_ 
4 

_5_ 
_6_ 
7 



1 0 



2 0 

3 0 

4 0 

5 0 

6 0 



1 0 

2 0 

3 0 

4 0 

5 0 

6 0 



1 0 

2 0 

3 0 

4 0 

5 0 

6 0 



19 2 5 
17 9 3 

16 6 0 
14 9 8 
2 2 3 2 
2 17 4 
2 0 4 3 
19 11 

17 8 0 
16 4 4 
14 9 2 
2 2 4 4 
2 18 5 
2 0 4 9 



19 2 1 



17 8 9 



16 5 7 



15 0 1 



2 17 3 



2 11 1 
19 8 3 

18 5 6 

17 2 8 
16 0 2 

14 5 9 
2 2 7 6 
2 2 0 7 
2 0 7 4 

19 4 0 

18 0 6 

16 7 2 

15 13 
2 3 18 
2 2 4 9 
2 111 

19 7 4 
18 3 7 

17 0 1 
15 3 2 
2 3 0 5 



17 5 2 

16 5 0 

15 44 

14 2 3 

13 8 4 

18 0 4 

17 7 7 
17 2 0 

16 5 5 

15 4 5 

14 17 
13 6 9 

17 9 2 

18 0 3 
17 2 9 



16 6 4 



15 7 4 



14 2 6 



13 0 4 



17 3 1 



17 2 5 
16 7 0 

16 0 7 

15 0 6 

13 8 6 

14 11 

18 10 

17 8 4 

17 2 7 

16 8 0 

15 7 2 
14 5 2 
14 8 4 

18 6 7 
18 5 8 

17 9 6 
17 0 8 

16 16 
14 5 5 
14 7 5 



9 1 
9 2 
9 3 
9 5 
6 2 
8 3 

8 7 

9 0 
9 3 
9 4 
9 5 
6 1 
8 2 
8 8 



9 0 



9 3 



9 5 



9 5 



6 0 



8_2_ 
""" 8 7 
9 0 
9 3 
9 4 
9 5 
6 2 
8 2 
8 6 

8 9 

9 3 
9 4 
9 6 
6 4 
8 3 

8 8 

9 1 
9 3 
9 5 
9 5 
6 4 



50 
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2 


1 0 


2 2 4 1 


18 3 8 


8 2 




3 


2 0 


2 10 5 


18 3 1 


8 7 ! 




4 


3 0 


19 6 9 


17 7 2 


9 0 




5 


40 


18 3 3 


16 8 6 


9 2 




6 


5 0 


16 9 8 


15 9 6 


9 4 




7 


6 0 


15 3 8 


14 6 1 


9 5 




1 


5 


2 3 3 4 


14 2 4 


6 1 




9 

£* 


1 0 


2 2 6 3 


18 5 6 


8 2 




O 


2 0 


2 12 7 


18 5 0 


8 7 


T 

X> 


A 


3 0 


19 8 9 


17 5 0 


8 8 




c 


• ft u 


18 5 2 


16 8 5 


9 1 




O 


\f 


17 15 


15 9 5 


9 3 




7 




15 4 8 


14 7 1 


9 5 




1 




2 3 2 5 


14 18 


6 1 




o 


i n 
x u 


2 2 5 4 


18 4 8 


8 2 




o 
O 


9 n 


2 118 


18 4 3 


8 7 


IVI 




O u 


19 8 1 


17 8 3 


9 0 1 




D 


4 u 


18 4 3 


16 9 6 


9 2 




b 




17 0 7 


15 8 8 


9 3 




7 


6 0 


15 4 2 


14 6 5 


9 5 




1 


c 
o 


2 2 3 0 


14 7 2 


6 6 


KI 
IN 






2 15 1 


18 0 7 


8 4 


Q 

o 




2 0 19 


17 9 7 


8 9 








18 8 9 


17 19 


9 1 




c: 
D 




17 5 8 


16 3 5 


9 3 




O 




16 2 5 


15 4 4 


9 5 




7 


6 0 


14 8 5 


14 2 6 


9 6 




1 




2 2 3 1 


14 0 6 


6 3 




o 


1 0 


2 16 3 


17 7 4 


8 2 


o 




2 0 


[ 2 0 2 8 


17 6 4 


8 7 








18 9 5 


17 0 6 


9 0 






4 0 


17 5 5 


16 15 


9 2 




6 


5 0 


16 18 


15 2 1 


9 4 




7 


6 0 


14 8 8 


14 14 


9 5 




1 


5 


2 2 3 0 


14 0 5 


6 3 




2 


1 0 


2 16 8 


17 7 8 


8 2 






2 0 


2 0 3 1 


17 4 7 


8 6 


p 


4 


3 0 


19 0 1 


16 9 2 


8 9 




5 


4 0 


17 7 1 


16 12 


9 1 




6 


5 0 


16 3 4 


15 2 0 


9 3 
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7 


6 0 


14 9 3 


14 18 


9 5 


Q 


1 


5 


2 2 3 8 


13 4 3 


6 0 


2 


1 0 


2 17 8 


17 4 2 


8 0 


3 


2 0 


2 0 4 3 


17 5 7 


8 6 


4 


3 0 


19 10 


17 19 


9 0 


5 


4 0 


17 7 9 


16 5 4 


9 3 


6 


5 0 


16 4 7 


15 6 5 


9 5 


7 


6 0 


14 9 8 


14 3 8 


9 6 


R 


1 


5 


2 2 3 7 


14 5 4 


6 5 


2 


1 0 


2 16 9 


18 0 0 


8 3 


3 


2 0 


2 0 3 6 


17 9 2 


8 8 


4 


3 0 


18 9 9 


17 0 9 


9 0 


5 


4 0 


17 6 5 


16 2 4 


9 2 


6 


5 0 


16 3 8 


15 4 0 


9 4 


7 


6 0 


14 8 6 


14 12 


9 5 


S 


1 


5 


2 2 2 8 


13 5 9 


D 1 


2 


1 0 


2 16 9 


18 0 0 


8 3 


3 


2 0 


2 0 3 8 


17 7 3 


8 7 


4 


3 0 


19 0 7 


16 9 7 


8 9 


5 


4 0 


17 7 6 


16 16 


9 1 


6 


5 0 


16 4 0 


15 4 2 


9 4 


7 


6 0 


14 9 5 


14 2 0 


9 5 



Table 7 



Battery 


Impurirty Element 


Initial 
Discharge 
Capacity 

(mAn) 


100th 
Discharge 
Capacity 

(mAh) 


capacity 
retention 

rate 

(%) 




Original 
content 
(Weight X) 


Final 
content 
(Weight %) 


Mater 
ial 
A 


1 


Fe 


0 j 


0.0015 


18 7 2 


16 8 5 


9 0.0 


2 


0.0015 


0.0030 


18 7 2 


16 9 9 


9 0.8 


3 


0.0085 


0.0100 


18 7 3 


17 15 


9 1.6 


4 


0.0985 


0.1000 


18 7 4 


17 3 0 


9 2.3 


5 


0.9985 


1.0000 


18 7 3 


17 2 7 


9 2.2 


1 


Pb 


0 


0.0004 


18 7 2 


16 8 5 


9 0.0 


2 


0.0016 


0.0020 


18 7 2 


17 0 0 


9 0. 8 


3 


0.0096 


0.0100 


18 7 2 


17 2 2 


9 2. 0 


4 


0.0996 


0.1000 j 


18 7 3 


17 4 1 


9 3 0 


5 


0.9996 


1.0000 


18 7 3 


1 7 3 0 ^ 


9 2.4 


1 


Bi 


o 1 


0.0005 


18 7 2 


16 8 5 


9 0.0 
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2 




0.0015 


0.0020 


1 o t o 


1 7 fi 1 
1 t U 1 




q 






3 




0.0095 


0.0100 


18 7 2 


17 3 1 


9 2 . 


4 


5 




4 




0.0995 


0.1000 


18 7 2 


17 4 3 


9 3 . 


1 






5 




0.9995 


1.0000 


18 7 3 


17 3 2 


9 2 . 


5 






1 




0 


0.0008 


18 6 4 


16 5 9 


8 9 . 


0 






2 


Pb 


0.0012 


0.0020 


18 6 5 


16 7 9 


9 0 . 


0 


10 




3 


0.0092 


0.0100 


18 6 4 


17 2 1 


9 2 . 


3 






4 




0.0992 


0.1000 


18 6 4 


17 5 0 


9 3 . 


9 




B 


5 




0.9992 


1.0000 


18 6 4 


17 4 4 


9 3. 


6 






1 




0 


0.0007 


18 6 4 


16 5 9 


8 9. 


0 


15 




2 


Bi 


0.0013 


0.0020 


18 6 4 


16 8 8 


9 0 . 


6 






3 


0.0093 


0.0100 


18 6 5 


16 9 9 


9 1. 


1 






4 




0.0993 


0.1000 


18 6 4 


17 3 4 


9 3. 


0 


.- — . 




5 




0.9993 


1.0000 


18 6 5 


17 19 


9 2. 


2 


20 




1 




0 


0.0013 


18 4 7 


16 2 8 


8 8. 


0 






2 


Pe 


0.0017 


0.0030 


18 4 7 


16 4 7 


8 9. 


2 






3 


0.0087 j 


0.0100 


18 4 7 


16 6 1 


8 9. 


9 






4 




0.0987 


0.1000 


18 4 8 


16 8 8 


9 1 . 


3 


25 




5 




0.9987 


1.0000 


18 4 9 


16 7 9 


9 0. 


8 




1 


Pb 


0 


0.0008 


18 4 7 


16 2 5 


8 8. 


0 






2 




0.0012 


0.0020 


18 4 8 


16 4 6 


8 9. 


1 




C 


3 




0.0092 


0.0100 


18 4 7 


16 6 8 


9 0. 


3 


30 




4 




0.0992 


0.1000 


18 4 7 


16 8 9 


9 1 . 


4 




5 




0.9992 


1.0000 


18 4 8 


16 7 8 


9 0. 


8 






1 




0 


0.0007 


18 4 7 


16 2 5 


8 8. 


0 






2 


I>1 


0.0013 


0.0020 


18 4 7 


16 4 4 


8 9. 


0 






3 


0.0093 


0.0100 


18 4 8 


16 7 0 


9 0. 


4 




4 




0.0993 


0.1000 


18 4 7 


16 8 5 


9 1. 


2 






5 




0.9993 


1.0000 


18 4 8 


16 7 9 


9 0. 


0 


- «■ 




1 




0 


0.0013 


18 5 2 


17 0 6 


9 2. 


1 






2 




0.0017 


0.0030 


18 5 3 


17 2 9 


9 3. 


3 




3 


0.0087 


0.0100 


18 5 3 


17 5 0 


9 4. 


4 






4 




0.0987 


0.1000 


18 5 3 


17 7 7 


9 5. 


9 






5 




0.9987 


1.0000 


1 o c o 
1 O O O 


T v a. o 




A 
*x 






1 




0 


0.0010 


18 5 2 


17 0 6 


9 2. 


1 


45 


D 


2 




0.0010 


0.0020 


18 5 2 


17 2 7 


9 3. 


3 






3 


Pb 


0.0090 


0.0100 


18 5 3 


17 6 1 


9 5. 


0 






4 




0.0990 


0.1000 


18 5 3 


17 8 1 


9 6. 


1 






5 




0.9990 


1.0000 


18 5 2 


17 6 6 


9 5. 


4 


50 




1 




0 


0.0009 


18 5 2 


17 0 6 


9 2. 


1 



Bi 
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2 




0.0011 


0.0020 


18 5 4 


17 19 


9 2. 


7 




3 




0.0091 


0.0100 


18 5 2 


17 5 8 


9 4. 


9 




4 




0.0991 


0.1000 


18 5 3 


17 7 2 


9 5. 


6 




5 




0.9991 


1.0000 


18 5 4 


17 6 0 


9 4. 


9 




1 




0 


0.0013 


18 7 5 


17 0 6 


9 1. 


0 




2 




0.0017 


0.0030 


18 7 5 


17 2 4 


9 1. 


9 




3 




0.0087 


0.0100 


18 7 5 


17 4 5 


9 3. 


1 




4 




0.0987 


0.1000 


18 7 5 


17 8 8 


9 5. 


4 




5 




0.9987 


1.0000 


18 7 6 


17 8 0 


9 4. 


9 




1 




0 


0.0011 


18 7 5 


17 0 6 


9 1 . 


0 


E 


2 


- rb 


0.0009 


0.0020 


18 7 6 


17 2 1 


9 1. 


7 




3 




0.0089 


0.0100 


18 7 5 


17 4 1 


9 2. 


9 




4 




0.0989 


0.1000 


18 7 6 


17 9 0 


9 5. 


4 




5 




0.9989 


1.0000 


18 7 6 


17 7 9 


9 4. 


8 




1 




0 


0.0010 


18 7 5 


17 0 6 


9 1. 


0 




2 


Hi 


0.0010 


0.0020 


18 7 6 


17 2 3 


9 1. 


8 




3 


0.0090 


0.0100 


18 7 7 


17 3 0 


9 2. 


2 




4 




0.0990 


0.1000 


18 7 6 


17 5 9 


9 3. 


8 




5 




0,9990 


1.0000 


18 7 5 


17 5 9 


9 3. 


8 




1 


Fc 


0 


0.0014 


18 6 1 


16 9 4 


9 1. 


0 




2 




0.0016 


0.0030 


18 6 2 


17 11 


9 1. 


9 




3 




0.0086 


0.0100 


18 6 1 


17 3 0 


9 3. 


0 




4 




0.0986 


0.1000 


18 6 2 


17 5 5 


9 4. 


3 




5 




0.9986 


1.0000 


18 6 1 


17 4 7 


9 3. 


9 




1 




0 


0.0011 


18 6 1 


16 9 4 


9 1. 


0 




2 




0.0009 


0.0020 


18 6 1 


17 10 


9 1. 


9 


F 


3 


0.0089 


0.0100 


18 6 1 


17 2 8 


9 2. 


9 




4 




0.0989 


0.1000 


18 6 2 


17 5 9 


9 4. 


5 




5 




0.9989 


1.0000 


18 6 2 


17 4 5 


9 3. 


7 




1 




0 


0.0010 


18 6 1 


16 9 4 


9 1. 


0 




2 


Bi 


0.0010 


0.0020 


18 6 2 


17 15 


9 2. 


1 




3 


0.0090 


0.0100 


18 6 1 


17 2 9 


9 2. 


9 




4 




0.0990 


0.1000 


18 6 4 


17 4 9 


9 3. 


8 




5 




0.9990 


1.0000 


18 6 3 


17 4 7 


9 3. 


8 




1 




0 


0.0013 


18 7 1 


16 8 3 


9 0. 


0 




2 


Fc - 


0.0017 


0.0030 


18 7 1 


17 0 5 


9 1. 


1 




3 




0.0087 


0.0100 


18 7 2 


17 2 2 


9 2. 


0 




4 




0.0987 


0.1000 


18 7 2 


17 6 1 


9 4. 


1 


G 


5 




0.9987 


1.0000 


18 7 2 


17 5 5 


9 3. 


8 




1 




0 


0.0008 


18 7 1 


16 8 3 


9 0. 


0 
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2 




0.0012 


0.0020 


18 7 3 


17 0 1 


9 0. 


8 






3 




0.0092 


0.0100 


18 7 2 


17 2 0 


9 1. 


9 


5 




4 




0.0992 


0.1000 


18 7 3 


17 5 0 


9 3. 


4 






5 




0.9992 


1.0000 


18 7 3 


17 4 8 


9 3. 


3 






1 




0 


0.0011 


19 5 6 


17 6 0 


9 0. 


0 






2 


- re 


0.0009 


0.0020 


19 5 6 


17 8 1 


9 1. 


1 


10 


H 


3 




0.0089 


0.0100 


19 5 7 


18 2 1 


9 3. 


1 






4 




0.0989 


0.1000 


19 5 6 


18 4 5 


9 4. 


3 






5 




0.9989 


1.0000 


19 5 7 


18 3 8 


9 3. 


9 






1 




0 


0.0015 


19 4 0 


17 2 7 


8 9. 


0 


15 




2 


. Fc 


0.0005 


0.0020 


19 4 1 


17 5 5 


9 0. 


4 


I 


3 




0.0085 


0.0100 


19 4 0 


18 2 2 


9 3. 


9 






4 




0.0985 


0.1000 


19 4 0 


18 6 1 


9 5. 


9 






5 




0.9985 


1.0000 


19 4 1 


18 4 8 


9 5. 


2 


20 




1 




0 


0.0006 


19 7 4 


17 9 6 


9 1. 


0 




2 


Fc 


0.0014 


0.0020 


19 7 4 


18 2 2 


9 2. 


3 




J 


3 




0.0094 


0.0100 


19 7 5 


18 5 8 


9 4. 


1 






4 




0.0994 


0.1000 


19 7 5 


18 9 9 


9 6. 


2 






5 




0.9994 


1.0000 


19 7 4 


18 6 7 


9 4. 


6 


25 




1 


Fc 


0 


0.0001 


19 6 9 


17 7 2 


9 0. 


0 






2 


0.0019 


0.0020 


19 6 9 


17 9 0 


9 0. 


9 




K 


3 




0.0099 


0.0100 


19 6 9 


18 0 1 


9 1. 


5 






4 




0.0999 


0.1000 


19 7 1 


18 3 3 


9 3. 


0 


30 








0.9999 


1.0000 


19 7 0 


18 2 7 


9 2. 


7 






1 




0 


0.0005 


19 8 9 


17 5 0 


8 8. 


0 






2 


Fe 


0.0015 


0.0020 


19 9 1 


17 7 7 


8 9. 


3 




L 


3 


0.0095 


0.0100 


19 9 0 


17 9 2 


9 0. 


1 


35 




4 




0.0995 


0.1000 


19 9 1 


18 2 5 


9 1. 


7 






5 




0.9995 


1.0000 


19 9 0 


18 0 3 


9 0. 


6 






1 




0 


0.0008 


19 8 1 


17 8 3 


9 0. 


0 






2 


Fc 


0.0012 


0.0020 


19 8 1 


18 0 3 


9 1. 


0 




M 


3 




0.0092 


0.0100 


19 8 1 


18 3 6 


9 2. 


7 




4 




0.0992 


0.1000 


19 8 2 


18 8 1 


9 4. 


9 






5 




0.9992 


1.0000 


19 8 1 


18 7 0 


9 4. 


4 






1 




0 


0.0000 


19 3 6 


17 6 4 


9 1. 


1 


45 




2 


Pb - 


0.0005 


0.0005 


19 3 8 


17 9 0 


9 2. 


4 


N 


3 




0.0100 


0.0100 


19 3 6 


18 0 7 


9 3. 


3 






4 




0.1000 


0.1000 


19 3 7 


18 2 5 


9 4. 


2 






5 




1.0000 


1.0000 


19 3 8 


18 19 


9 3. 


9 




0 


1 


o 


0.0000 


19 4 5 


17 5 1 


9 0. 


0 



o 
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2 




0.0005 


0.0005 


19 4 6 


17 7 9 


9 1. 


4 




3 




0.0100 


0.0100 


19 4 7 


18 0 0 


9 2. 


4 




4 




0.1000 


0.1000 


19 4 6 


18 0 5 


9 2. 


8 




5 




1.0000 


1.0000 


19 4 5 


18 0 0 


9 2. 


5 




1 




o 


0.0000 


19 0 1 


16 9 2 


8 9. 


0 




O 

Cj 


Pb 


00005 


0.0005 


19 0 1 


17 11 


9 0. 


0 


p 

* 


q 


0 0100 


0.0100 


19 0 1 


17 2 3 


9 0. 


6 




A 
Ht 




0 1000 


0.1000 


19 0 3 


17 3 9 


9 1. 


4 




cz 
u 




i nnno 


1.0000 


19 0 1 


17 3 6 


9 1. 


3 




1 




u 


0 0002 


19 10 


17 19 


9 0. 


0 




Q 


Pb 




0 0005 


19 10 


17 4 4 


9 1. 


3 




o 
o 




0 0100 


19 10 


17 4 8 


9 1. 


5 




ft 






0 1000 


19 11 


17 8 6 


9 3. 


5 




c 
o 






1.0000 


19 10 


17 5 1 


9 1. 


7 




X 






0.0000 


19 4 9 


17 5 4 


9 0. 


0 




o 
Z 


Pb 


U.UvvJ 


0.0005 


19 5 0 


17 7 6 


9 1. 


1 




q 


n 0100 


0.0100 


19 5 0 


17 9 9 


9 2. 


3 




4 




0.1000 


0.1000 


19 5 1 


18 3 3 


9 4. 


0 




5 




1.0000 


1.0000 


19 5 1 


18 3 0 


9 3. 


8 




1 




0 


0.0000 


19 0 7 


16 9 7 


8 9. 


0 


S 


2 


Pb 


0.0005 


0.0005 


19 0 8 


17 17 


9 0. 


0 




3 




0.0100 


0.0100 


19 0 7 


17 2 8 


9 0. 


6 




4 




0.1000 


0.1000 


19 0 7 


17 4 7 


9 1. 


6 




5 




1.0000 


1.0000 


19 0 8 


17 4 0 


9 1. 


2 



40 



45 



50 



35 
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Table 8 





Npnative Electrode 
material 


Initial Discharge Capac- 
ity (mAh) 


Capacity retention rate 
(%) 


Pyamnlarv Embodiment 


1 


Material A 


2074 


96 


2 


B 


2065 


98 




3 


C 


2043 


97 




A 


D 


2056 


98 




c 

o 


E 


2075 


97 




a 
o 


F 


2064 


96 




I 


G 


2073 


98 




Q 
O 


H 


2152 


97 




Q 


I 


2146 


98 




1 n 
l u 


J 


2174 


96 




1 1 


K 


2165 


98 




12 


| L 


2184 


97 




13 


M 


2182 


95 ~~ 




14 


N 


2136 


97 




15 


O 


2147 


yo 




16 


P 


2101 


96 




17 


Q 


2110 


97 




18 


R 


2149 


97 




19 


S 


2107 


98 


Comparative Example 




Graphite 


1710 


93 



35 



40 



45 



SO 



55 



36 
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Table 9 







Np native Electrode 
material 


Initial Discharge Capac- 
ity (m/Ah) 


Capacity retention rate 
(%) 


Exemplary Embodiment 


1 


Material A 


2072 


97 


2 


B 


2064 


96 




3 


C 


2047 


95 




4 


d ; 


2052 


97 




5 


E 


2075 


98 




6 


F 


2061 


98 




7 


G 


2071 


97 




8 


H 


2156 


97 




9 


I 


2140 


96 




10 


J 


2174 1 


98 




11 


K 


2169 


97 




12 


L 


2189 


95 




13 


M 


2181 


97 




14 


N 


2139 


98 




15 


O 


| 2145 


97 




16 


P 


2101 


96 




17 


Q 


2110 


97 




18 


R 


2149 


97 




19 


S 


2107 


96 


Comparative Example 




Graphite 


1710 


93 



35 



40 



45 



50 
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Table 10 











Material C 


Material J 






Elements 
added 


Conten 
t 


Initial 
Discharge 
Capacity 

(mAh) 


Capacity 
retention 
rate(%) 

9 6 


Initial 
LMScnargc i 
Capacity 

(mAh) 
2 17 0 


Panacitv 1 
retention 
rate (%) J 

9 7 




1 

2 


Ag20 
PbO 


9.06 
8.75 


2 17 5 
2 15 6 


9 7 


2 15 6 


9 7 




3 


N i O 


6.65 




9 8 


2 16 8 1 


9 5 


Ox i 

VIA 1 


4 


N i 2 O 3 


3.11 


2 16 4 


9 5 


2166] 


9 6 


des 


5 


CoO 


6.65 


2 17 3 


9 7 


2 17 4] 


9 8 




6 


Co 203 


10.31 


2 18 2 


9 8 


2 1 8 8 j 


9 5 

9 6 1 




7 


C o 304 


3. 30 


2 16 6 

O 1 R 7 


9 7 
q n 


2 165 | 
2 16 8 


9 6 1 




8 
o 

y 
10 
11 
12 


C uO 
r u 2 o 

B i 20 3 
S b 2 O 3 
C r 20 3 


5.94 
16. 67 
11. 11 
6. 12 
6. 95 


Z 1 O ' 

2 18 8 
2 17 5 
2 17 3 
2 16 2 


9 6 
9 5 
9 7 
9 8 
9 7 


2 18 7 
2 17 7 
2 17 6 
2 16 9 
2 17 1 


9 7 ! 
9 5 | 
9 7 j 
9 8 i 
9 7 ! 




13 

14 

1 

2 

3 


Mn02 
F e 3 O 4 
Ag 2 S 
P b S 
N i S 


9.71 
9.38 
3.56 


2 17 2 
2 17 6 
2 16 4 
2 17 3 
2 18 2 


9 6 
9 5 
9 6 
9 6 
9 7 


2 1 7 5\ 
2 16 5 
2 17 4 
2 18 0 
2 17 4 


9 6 j 
,97 ] 
9 6 J 

9 8 _J 
9 6 J 


Sul 
fid 
es 


4 

5 
6 
7 


N i 2 S 
N i 3 S 4 
CoS 
C o 2 S 3 


2.93 
2.98 
3.57 
2.8 


2 17 6 
2 17 7 
2 17 7 
2 17 6 


9 8 
9 6 
9 5 


2 17 2 
2 17 3 
2 17 5 


96 ] 
9 6 j 
9 7 \ 


8 
9 

10 
11 


C o 304 
C u S 
Cu 2 S 
B i 2 S 3 


2.99 
3. 75 
6. 24 
6. 72 


2 17 5 
2 17 7 
2 17 5 

2 l / y 


9 7 
9 6 
9 8 

Q 7 


2 17 7 
2 17 2 
2 17 4 
2 17 6 


1 —1 
1 — 

9 6 




10 
1Z 

13 


c k ? <; 3 
S b 2 S 4 


4. 44 
3.64 


2 17 2 
2 17 4 


9 6 
9 7 


2 17 7 
'2174 


9 7 j 
9 7 




14 

15 


S b 2 S 5 
CrS 


3. 17 
3.30 


2 18 6 
2 16 7 


9 8 
9 6 


2 18 1 
2 16 9 


97 | 
97 | 
9 8 1 




16 
17 


C r 2 S 3 
Mn S 


2.62 
3.41 


2 17 8 
2 16 6 


9 7 
9 6 


2 17 7 
2 16 9 


9 7 1 




18 


Mn 3 S 4 


2.87 


2 18 5 


9 7 


2 18 0 


9 6 




T9 


Mn S 2 


2.33 


2 17 4 


9 8 


2 17 7 


97 




20 


F e S 


3.45 


2 17 3 


9 6 


2 17 5 


1 9 7 1 
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21 


F e 2 S 3 


2.72 


2 17 2 


9 7 


2 17 9 


9 6 


22 


F e S 2 


2.35 


2 18 2 


9 8 


2 18 0 


9 6 


23 


Mo 2 S 3 


3.76 


2 18 1 


9 5 


2 18 2 


9 8 


24 


Mo S 2 


3.14 


2 17 5 


9 6 


2 17 5 


9 8 


Sel 

des 


1 


A g 2 S e 


11.55 


2 17 7 


9 7 


2 17 6 


9 6 


7 


P b S e 


11.22 


2 17 6 


9 8 


2 17 4 


9 8 


J 




4. 64 


2 16 5 


9 7 


2 17 5 


9 7 


A 




4. 83 


2 17 6 


9 7 


2 17 4 


9 6 




P ,1 C p 

u o c 


5 59 


2 17 3 


9 7 


2 17 9 


9 6 


O 


u <s o e 


O - u o 


2 18 2 


9 6 


2 18 0 


9 5 


7 


15 l z o e o 


R Sfi 


2 17 6 


9 5 


2 17 5 


9 7 


o 
O 


C k O C i> Q 

o D z o e o 


fi ?R 


2 16 6 


9 8 


2 16 7 


9 8 


Q 


Q H 9 ^ p ^ 


S 00 


2 16 7 


9 6 


2 16 9 


9 8 


i n 


p r 9 Q p o 


4 45 


2 18 8 


9 5 


2 18 0 


9 6 


Ter 
uli 
des 


i 


A ct 9 T p 


13 46 


2 17 7 


9 6 


2 17 4 


9 7 


2 


PbTe 


13. 12 


2 17 6 


9 6 


2 17 0 


9 7 


3 


NiTe 


7.30 


2 18 5 


9 8 


2 18 0 


9 8 


4 


N i 2 Te3 


6.54 


2 17 3 


9 6 


2 17 4 


9 7 


5 


CuTe 


7.49 


2 17 2 


9 8 


2 17 5 


9 7 


6 


Cu 2 Te 


9.98 


2 17 6 


9 7 


2 17 9 


9 8 


7 


B i 2 Te3 


10. 46 


2 17 8 


9 6 


2 17 0 


9 7 


8 


S b 2 Te3 


8. 80 


2 17 5 


9 7 


2 17 1 


9 6 



Table 1 1 



Negative Electrode 
material 


favorable ranges 




From "cycle life" 


From "Capacity retention 
rate" 


Material A 


not less than 0.4 (2.0) 


not more than 12 (4) 


B 


not less than 0.3 (1 .0) 


not more than 12 (4) 


C 


not less than 0.4 (2.0) 


not more than 1 1 (4) 


D 


not less than 0.4 (2.0) 


not more than 1 1 (4) 


E 


not less than 0.3 (1 .0) 


not more than 12 (4) 


F 


not less than 0.3 (1.0) 


not more than 1 2 (4) 


G 


not less than 0.3(1.0) 


not more than 12 (4) 


H 


not less than 0.4 (1.0) 


not more than 1 1 (4) 


I 


not less than 0.4 (1.0) 


not more than 12 (4) 


J 


not less than 0.3 (1.0) 


not more than 12 (4) 
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Table 11 (continued) 


5 

10 

15 


Negative Electrode 
material 


favorable ranges 




From "cycle life" 


From "Capacity retention 
rate" 


K 


not less than 0.4 (2.0) 


not more than 1 1 (5) 


l_ 


not less than 0.4 (2.0) 


not more than 1 2 (4) 


M 


not less than 0.3 (1.0) 


not more than 12 (4) 


N 

IN 


not less than 0.3 (2.0) 


not more than 12 (4) 


o 


not less than 0.5 (2.0) 


not more than 1 1 (4) 


p 


not less than 0.5 (2.0) 


not more than 12 (4) 


Q 


not less than 0.5 (2.0) 


not more than 1 1 (3) 


R 


not less than 0.5 (2.0) 


not more than 1 1 (4) 


S 


not less than 0.5 (2.0) 


not more than 1 1 (4) 


20 




Table 12 


25 
30 
35 
40 
45 
50 


Negative Electrode 
material 


j - favorable R2/R1 ranges 




From "cycle life" 


From "Capacity retention 
rate" 


Material A 


not less than 0.01 (0.05) 


not more than 15 (1) 


B 


not less than 0.01 (0.05) 


not more than 15 (2) 


C 


not less than 0.01 (0.05) 


not more than 14 (3) 


D 


not less than 0.03 (0.08) 


not more than 13 (1) 


E 


not less than 0.02 (0.07) 


not more than 14 (2) 


F 


not less than 0.02 (0.05) 


not more than 15 (1) 


G 


not less than 0.01 (0.07) 


not more than 15 (2) 


H 


not less than 0.01 (0.05) 


not more than 15 (1) 


I 


not less than 0.01 (0.05) 


not more than 1 5 (2) 


J 


not less than 0.01 (0.05) 


not more than 15 (2) 


K 


not less than 0.03 (0.08) 


not more than 13 (1) 


L 


not less than 0.02 (0.08) 


not more than 14 (2) 


M 


not less than 0.02 (0.08) 


not more than 15 (2) 


N 


not less than 0.03 (0.08) 


not more than 13 (1) 


O 


not less than 0.03 (0.09) 


not more than 13 (1) 


P 


not less than 0.02 (0.09) 


not more than 12 (T) 


Q 


not less than 0.02 (0.09) 


not more than 13 (1) 


R 


not less than 0.02 (0.09) 


not more than 13 (1) 


55 


S 


not less than 0.02 (0.08) 


not more than 12 (1) 
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Reference numerals 



[0150] 



2 
3 
4 
5 

5a 
6 

6a 

7 

8 



Battery casing 
sealing plate 
insulating gasket 
electrode plate group 
positive electrode plate 
positive electrode lead 
negative electrode plate 
negative electrode lead 
separator 
Insulating rings 



Claims 



1 . A non-aqueous electrolyte secondary battery comprising; 

a) an positive electrode and a negative electrode capable of intercalating and de-intercalating lithium; 

b) a non-aqueous electrolyte; and 

c) one of a separator and a solid electrolyte, 



wherein said negative electrode contains a composite particle constructed such that at least part of a sur 
face of a nuclear particle containing at least one of tin, silicon and zinc as a constituent element is coated 
with one of a solid solution and an inter-metallic compound composed of an element included in said 
nuclear particle and at least one element selected from a group of elements exclusive of the element 
included in said nuclear particle, comprising group 2 elements, transition elements, group 12 elements, 
group 13 elements and group 14 elements in a Periodic Table exclusive of carbon, and 
porosity of a mixture layer of said negative electrode is not less than 10% and not more than 50%. 



2. A non-aqueous electrolyte secondary battery comprising; 

a) an positive electrode and a negative electrode capable of intercalating and de-intercalating lithium; 

b) a non-aqueous electrolyte; and 

c) one of a separator and a solid electrolyte, 



wherein said negative electrode contains a composite particle constructed such that at least part of a sur- 
face of a nuclear particle containing at least one of tin, silicon and zinc as a constituent element is coated 
with one of a solid solution and an inter-metallic compound composed of an element included in said 
nuclear particle and at least one element selected from a group of elements exclusive of the element 
included in said nuclear particle, comprising group 2 elements, transition elements, group 12 elements, 
group 13 elements and group 14 elements in a Periodic Table exclusive of carbon, 

and in which amount of said non-aqueous electrolyte is not less than 0.1ml and not more than 0.4ml per 
1g of total amount of materials composing said positive electrode and said negative electrode. 



3. A non-aqueous electrolyte secondary battery comprising; 

a) an positive electrode and a negative electrode capable of intercalating and de-intercalating lithium; 

b) a non-aqueous electrolyte; and 

c) one of a separator and a solid electrolyte, 



wherein said negative electrode contains a composite particle constructed such that at least part of a sur- 
face of a nuclear particle containing at least one of tin, silicon and zinc as a constituent element is coated 
with one of a solid solution and an inter-metallic compound composed of an element included in said 
nuclear particle and at least one element selected from a group of elements exclusive of the element 
included in said nuclear particle, comprising group 2 elements, transition elements, group 12 elements, 
group 13 elements and group 14 elements in a Periodic Table exclusive of carbon, 
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15 



20 



and a value of; 

a specific surface area of materials forming said negative electrode / a specific surface area of materials 

forming said positive electrode 

is not less than 0.3 and not more than 1 2. 

5 

4. A non-aqueous electrolyte secondary battery comprising; 

a) an positive electrode and a negative electrode capable of intercalating and de- intercalating lithium; 

b) a non-aqueous electrolyte; and 

w c) one of a separator and a solid electrolyte, 

wherein said negative electrode contains a composite particle constructed such that at least part of a sur- 
face of a nuclear particle containing at least one of tin, silicon and zinc as a constituent element is coated 
with one of a solid solution and an inter-metallic compound composed of an element included in said 
nuclear particle and at least one element selected from a group of elements exclusive of the element 
included in said nuclear particle, comprising group 2 elements, transition elements, group 12 elements, 
group 13 elements and group 14 elements in a Periodic Table exclusive of carbon, 

and when R1 is a diameter of a semi-circle arc plotted on a complex plane by measuring impedance at a 
range of frequencies between 10kHz and 10MHz using an electrochemical cell in which said positive elec- 
trode is set as an active electrode and lithium metal is used as an opposite electrode; and R2 is a diameter 
of a semi-circle arc plotted on a complex plane by measuring impedance at a range of frequencies 
between 10kHz and 10MHz using an electrochemical cell in which said negative electrode is set as an 
active electrode and lithium metal is used as an opposite electrode, a value of R2 / R1 is between 0.01 ~1 5. 

25 5. A non -aqueous electrolyte secondary battery comprising; 

a) an positive electrode and a negative electrode capable of intercalating and de-intercalating lithium; 

b) a non-aqueous electrolyte solution; and 

c) one of a separator and a solid electrolyte, 

30 

wherein said negative electrode contains a composite particle constructed such that at least part of a sur- 
face of a nuclear particle containing at least one of tin, silicon and zinc as a constituent element is coated 
with one of a solid solution and an inter-metallic compound composed of an element included in said 
nuclear particle and at least one element selected from a group of elements exclusive of the element 
35 included in said nuclear particle, comprising group 2 elements, transition elements, group 12 elements, 

group 13 elements and group 14 elements in a Periodic Table exclusive of carbon, and 
wherein thickness of said separator is not less than 15pm and not more than 40u.m, and piercing strength 
of said separator is not less than 200g. 

40 6. A non-aqueous electrolyte secondary battery comprising; 

a) an positive electrode and a negative electrode capable of intercalating and de-intercalating lithium; 

b) a non-aqueous electrolyte solution; and 

c) one of a separator and a solid electrolyte, 



45 



50 



wherein said negative electrode contains a composite particle constructed such that at least part of a sur- 
face of a nuclear particle containing at least one of tin, silicon and zinc as a constituent element is coated 
with one of a solid solution and an inter-metallic compound composed of an element included in said 
nuclear particle and at least one element selected from a group of elements exclusive of the element 
included in said nuclear particle, comprising group 2 elements, transition elements, group 12 elements, 
group 13 elements and group 14 elements in a periodic Table exclusive of carbon, and 
said composite particle contains at least one of elements selected from iron of not less than 0.002wt%, 
lead of not less than 0.0005wt% and bismuth of not less than 0.002wt%. 

55 7. A non-aqueous electrolyte secondary battery comprising; 

a) an positive electrode and a negative electrode capable of intercalating and de-intercalating lithium; 

b) a non-aqueous electrolyte solution; and 
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c) one of a separator and a solid electrolyte, 

wherein said negative electrode contains a composite particle constructed such that at least part of a sur- 
face of a nuclear particle containing at least one of tin, silicon and zinc as a constituent element is coated 
with one of a solid solution and an inter-metallic compound composed of an element included in said 
nuclear particle and at least one element selected from a group of elements exclusive of the element 
included in said nuclear particle, comprising group 2 elements, transition elements, group 12 elements, 
group 13 elements and group 14 elements in a Periodic Table exclusive of carbon, and 
wherein said negative electrode contains a fluorinated carbon compound defined as (C X F) n (1^x<20). 

8. The non-aqueous electrolyte secondary battery of claim 7, wherein said fluorinated carbon compound is one of; 

a) not less than one of fluorinated independent carbon materials, and 

b) a mixture of fluorinated carbon materials, 

which are selected from thermal black, acetylene black, furnace black, vapor phase grown carbon fibers, 
thermally decomposed carbons, natural graphite, synthetic graphite, meso-phase carbon micro beads, 
petroleum cokes, coal cokes, petroleum derived carbon fibers, coal derived carbon fibers, charcoal, acti- 
vated carbon, glassy carbon, rayon derived carbon fibers, and PAN derived carbon fibers. 

9. The non-aqueous electrolyte secondary battery of claim 7, wherein amount of said fluorinated carbon compound 
to be added to said negative electrode corresponds to difference in irreversible capacity between said positive elec- 
trode and said negative electrode , which does not contribute to an initial discharging. 

10. The non-aqueous electrolyte secondary battery of claim 7, wherein content of said fluorinated carbon compound 
is in a range of 0.2% - 20% against a sum of said fluorinated carbon compound and said composite particle. 

11. The non-aqueous electrolyte secondary battery of claim 7, wherein a compound to be used for said positive elec- 
trode is a lithium containing metallic compound defined by a general formula of LixNi^MyOz (M is at least one of 
Na, Mg, Sc, Y, Mn, Fe, Co, Ni, Cu, Zn, Al, Cr, Pb, Sb and B, and x=0~1 .2,y=0~0.9, 2=2.0-2.3). 

12. The non-aqueous electrolyte secondary battery of claim 1 1 , wherein an efficiency rate of initial charging/discharg- 
ing in which said lithium-containing metallic compound de-intercalates lithium ions during initial charging and inter- 
calates lithium ions during initial discharging, is within a range of 75-95%. 

13. The non-aqueous electrolyte secondary battery of claim 11, wherein said lithium-containing metallic oxide is syn- 
thesized such that a metallic hydroxide is mixed with a lithium hydroxide and heated. 

14. A non-aqueous electrolyte secondary battery comprising; 

a) an positive electrode and a negative electrode capable of intercalating and de-intercalating lithium; 

b) a non-aqueous electrolyte solution; and 

c) one of a separator and a solid electrolyte, 

wherein said negative electrode contains a composite particle constructed such that at least part of a sur- 
face of a nuclear particle containing at least one of tin, silicon and zinc as a constituent element is coated 
with one of a solid solution and an inter-metallic compound composed of an element included in said 
nuclear particle and at least one element selected from a group of elements exclusive of the element 
included in said nuclear particle, comprising group 2 elements, transition elements, group 12 elements, 
group 13 elements and group 14 elements in a Periodic Table exclusive of carbon, 

wherein said negative electrode contains a metallic compound which is electrochemically reduced to the 
metal when said negative electrode is charged. 

15. The non-aqueous electrolyte secondary battery of claim 14, wherein said metallic compound is at least one of 
metallic oxides , metallic sulfides, metallic selenides, and metallic tellurides. 

16. The non-aqueous electrolyte secondary battery of claim 14, wherein said metallic oxide is at least one of Ag 2 0, 
PbO, NiO, Ni 2 Q 3 , CoO, Co 2 0 3 , Co 3 0 4i CuO, Cu 2 0, Bi 2 0 3 , Sb^, Cr 2 0 3 , MnQ 2 and FeO) 4 . 
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17. The non-aqueous electrolyte secondary battery of claim 14, wherein said metallic sulfide is at least one of Ag 2 S , 
PbS, NiS, Ni 2 S, Ni 3 S 4> CoS, Co 2 S 3 , Co 3 S 4 , CuS, Cu 2 S, Bi 2 S 3 , Sb 2 S 3 , Sb 2 S 4 , Sb 2 S5, CrS, Cr 2 S 3 , MnS, Mn 3 S 4 , 
MnS 2 and FeS, Fe 2 S 3 , FeS 2 , Mo 2 S 3 .and MoS 2 . 

18. The non-aqueous electrolyte secondary battery of claim 14, wherein said metallic selenide is at least one selected 
from a group comprising Ag 2 Se, PbSe, Co 2 Se 3> Co 3 Se 4 , CuSe, Cu 2 Se, BigSe^ Sb 2 Se 3 , Sb 2 5 5 , and Cr 2 Se 3 . 

19. The non-aqueous electrolyte secondary battery of claim 14, wherein said metallic tellu ride is at least one of Ag 2 Te, 
PbTe, NiTe, Ni 2 Te 3 , CuTe, Cu 2 Te, Bi 2 Te 3 and Sb 2 Te 3 . 

20. The non-aqueous electrolyte secondary battery of claim 14, wherein amount of said metallic compound to be 
added corresponds to difference in irreversible capacity between said positive electrode and said negative elec- 
trode, which does not contribute to an initial discharging. 

21. The non-aqueous electrolyte secondary battery of claim 14, wherein content of said metallic compound is in a 
range of 0.2% - 20% against a sum of said metallic compound and said composite particle. 

22. The non-aqueous electrolyte secondary battery of claim 14, wherein a compound to be used for said positive elec- 
trode is a lithium containing metallic compound defined by a general formula of Li x Ni 1 . y M y O Zt (M is at least one of 
Na , Mg, Sc, Y, Mn, Fe, Co, Ni, Cu, Zn, Al, Cr, Pb, Sb and B, and x=0-1 , Y=0-0.9, z=2.0-2.3). 

23. The non-aqueous electrolyte secondary battery of claim 1 1 , wherein an efficiency rate of initial charging/discharg- 
ing in which said lithium-containing metallic compound de-intercalates lithium ions during initial charging and inter- 
calates lithium ions during initial discharging, is within a range of 75 - 95%. 

24. The non-aqueous electrolyte secondary battery of claim 11, wherein said lithium-containing metallic oxide is syn- 
thesized such that a metallic hydroxide is mixed with a lithium hydroxide and heated. 
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FIG. 5 
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